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UDC 551.509.314
NATURAL COMPONENTS OF SMALL SAMPLES WITH A LARGE NUMBER OF PARAMETERS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 5-14

[Article by Professor N. A. Bagrov, USSR Hydrometeorological Scientific Re-
search Institute, submitted for publication 14 July 1978]

Abstract: A new method is proposed for comput-
ing the natural orthogonal components in a
case when the volume of the sample is less than
the number of introduced random variables. This
procedure makes possible a considerable reduc—
tion in computation work and in some cases one can
solve the full problem for a symmetric matrix,
earlier beyond the capabilities of modern elec-
tronic computers with average capacity. Some

_ historical comments are made in passing.

[Text] The expansion of meteorological fields or in general a random vector
in natural orthogonal functions has found extensive application since the
publication of [3]. This method is presently given different names by dif-
ferent authors: the main components method, expansion in empirical or
statistical orthogonal functions [1, 7, 8, 12], or the Carunen-Loeve expan-
sion [5]. All these names have some basis. However, with respect to the
latter, it should be noted that one of the first studies in this direction
was made by Hotelling and dates back as far as 1933 [11], whereas the studies
by Carunenand Loeve, judging from the citations in [6], date back to 1947
and 1945-1946 respectively.

Now we will briefly examine the entire problem using matrix calculus. Assume
there is a random vector F of the dimensionality n, that is, having n com-
ponents, in general correlated with one another., Its covariation matrix is
written in the following way:

] MoFFo| TR B FE (1)
| -TFI FnF: E-Fn
1
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Here the asterisk 1s the transposition sign, whereas the line at the top
1s the mathematical expectation symbol (empirically == the averaging sym-
bol),

However, o both theoret teat and practieal problems it s conslderably
more convenlent to deal with a vector wlth uncorrelated components. Some-
times, however, instead of the F vector, especially if it has a very great
dimensionality, it 1s desirable to cxamine some approximation of it. In
both these problems the result is achieved by a linear transformation of
the F vector

F=UA, )

where U is the transformation matrix-operator (in general, inverse), and
A 1s the new vector. The transformation (2) will retain the general dis-
persion of the F vector if U is an orthogonal matrix, so that uu* = vty
= I. In actuality, under this conditlion we will have

F*F=A*U*UA=A*A, (3)

If the U matrix columns are selected in a definite way, for example, in
the form of a set of values of some orthogonal functions in a grid of
equally spaced points, it is possible to obtain an expansion of the F
vector using these functions. This assertion follows from the simple
fact that the transformation (2) can be vritten in a more expanded form

F=UnA+ Updg+ ... +UgnAn, )
4

vhere Ag ls a component of the A vector and Ugk (k = 1, 2,...,n) is a col-
umn of the U matrix.

For example, if as the U matrix we take the matrix

1 1 0 1
1 0 11
1 -1 0 1 |’
1 0-—-1—1

then after normalization of its columns we obtain an expansion of the F
vector in trigonometric functions. The first column of this matrix repre-
sents the cosine of zero, repeated four times; the succeeding columns are:
cos 2nt, sin 2mt, cos 4Nt for t = 0, 1/4, 2/4 and 2/4. If the last
column of this matrix is replaced by zeroes, we obtain an approximate
(broken) expansion, Similarly it is possible to obtain an expansion of

the random vector in Chebyshev polynomials.
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llowever, in a general case the components of the A vector here will ™
not be mutually orthogonal. On the other hand, obtaining mutually ortho-
gonal components of the A vector can be one of the purposes of the trans- -
formation (2). In particular, it was pointed out in [4] how, knowing the
covariation matrix of the F vector, it is possible to form the triangular

matrix U, by means of which it is possible to obtain a vector with un-
correlated components. By means of a special normalization of the U mat-

rix it is even possible to achieve an equality of the general dispersion

of both vectors, that is, retain equations (3).

Among all the transformations of this type the most modern, and probably
the most natural will be a transformation following from a representation

of the covariation matrix of the F vector through the covariation matrix of
the A vector

M = FF* == UAA*U*,

If it is now necessary to have a diagonality of the covariation matrix of
the A vector

I 0
h

|

S
X
*
i
—
il

we will have, assuming the U matrix to be orthogonal,

M=FF*=UAU-",

This formula shows that the 11, ;Az,..., }\n values must be the eigen-

values of the covariation matrix M (we will always arrange them in de- -
creasing order), whereas the columns of the U matrix give the corres-

ponding eigenvectors. The transformation (2) of the F vector from such

a matrix has another extremal property that it gives the most rapid con-

vergence of series (4) in the sense of an approximation to the general
dispersion of the F vector. '

Thus, the expansion (4) with satisfaction of equation (5) is obtained in
@ "natural" way from the properties of the F vector itself.

lHowever, historically the situation had developed in such a way that de-

spite the fact that the fundamental principles of the main components or

natural components methods have been known since 1933 they evidentally did

not initially come into broad application. Accordingly, in the 1950's,

when the possibilities of electronic computers became well known, meteor- E
vlogists had to discover this method anew. This is indicated by the first

3
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"meteorologlcal” publications of Lorenz [12], Bagrov [3] and Obukhov (7],

In practice we will almost always be dealing with the sample values of

the vector, and accordingly, we can obtain only an evaluation of the covar-
lation matrix. A sample of the F vector values (we will call it a sample
matrix) consists of a set of its realizations

(6)

Here n is the dimensionality of the F vector (the number of its components)
and m is the volume of the sample -~ the number of individual observed
realizations of the F vector. An evaluation of the covariation matrix is
obtalned in the form of the averaged product of the matrix (6) and its

transposed form 1
ﬂl==7; FF*

[t is assumed that the mean value of each component is already excluded.
We can add that by virtue of the symmetry of subsequent formulas we will
postulate that all elements of the matrix (6) have been divided by vVm. In
this way we avoid division by m in the formula for the covariation matrix.

In hydrometeorological practice it often happens that n>m, that is, the
dimensionality of the F vector is greater than the sample volume. And

such a relationship between n and m is undesirable (by means of a decrease
In dimensionality of the F vector) or is impossible (by means of increas-
ing the sample) to change. Such circumstances are rather frequently ob-
served in prognostic practice in meteorology. It makes sense to call
samples whose volume is less than the number of introduced variables
(m<n) "small samples." For a small sample it is possible to simplify con-
siderably the computation of the eigenvectors and the eigenvalues of the
covariation matrix.

In this case the covariation matrix FF* will have a very great dimensional-
ity (n x n), but its rank will not be greater than m, that is, not less
than (n - m) of its ei&envalues will be equal to zero. In this case in
place of the matrix FF” it is necessary to examine the matrix F*F, whose
dimensionality will be m x m. Henceforth we will assume that all the eigen-
values of this latter matrix will not be equal to zero.

As is known, the ecigenvalues of these two matrices [8] coincide; in his
study [9] V. L. Sklyarenko used a simple relationship between their eigen~
vectors. Both these postulates are demonstrated very simply. First of all,
for the second (small) matrix we will write a formula for raduction to a
Iia 1

diagonal form FtF=VAV*.

4
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F*F = VAV®, (N

} We will multiply this equation (it makes no difference whether from the
right or left) by itself. As a result, by virtue of the property VW* = [
F*(FF*)F=VAy,

or after :he obvious transformations
(V*F*) (FFY)FV=A%, (8)

- But this is the formula for reduction of the covariation matrix FF* to
- diagonal form. Expression (7) makes it possible to conclude that the col-
umns of the TV matrix are orthogonal. The column of this matrix can be

orthonormalized by multiplying on the right by A-1/2 and then it will be-~

vome an orthogonal matrix of the eigenvectors of the FF* matrix; the diag~-

onal matrix ./ becomes the matrix of elgenvalues. Thus,

U= FyA-n, )

This %s the basis of the relationship between the eigenvectors of the FF¥

and F'F matrices., Incidentally we obtained proof of the equality of the

first m eigenvalues of these matrices. Here it must also be noged that

formula (9) determines only the first m eigenvectors of the FF" matrix.

Formula (9) gives a significant representation of the initial matrix

F=UAMY, (10)

This known formula [1] is extremely rarely cited in the academic litera-
ture.

By a simple multiplication this formula leads back to formulas (5) and (7).
We note that the U matrix in formula (10) must, in accordance with the
rules for multiplication of matrices, have a rectangular dimensionality
(n x m), that is, contain eigenvectors corresponding only to the numbers
Ay> not equal to zero.

Now we will turn again to formula (2). If the F vector is represented by
the sample matrix (6), then the vector A must be represented by a matrix;
in the case n> m the matrix of elgenvectors U will be incomplete since the
eigenvectors for filling up this matrix will not play a role in any case.
but it follows from this that the A matrix must be square: m x m.

Gy dp. . .Gy

A=l Cn. . Oy (11)

_Ej Ay Ay . . 'amm
B 5
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An element of the F matrlx, according to (2), 1s expressed by the formula

Faor=Un aypy+Ups ayp+ o o o +Upy

which makes it possible to write a column of the F matrix in the form:

FU = Z Ul.:a.il'
s (12)

where the Uy 4 symbol designates the s-th column of the matrix of eigenvec-
tors U.

Expression (12) is precisely an expansion of the F vector (its realization)
in natural orthogonal functions (in eigenvectors of the covariation matrix).
the coefficlents of this expansion aji) constitute the matrix (11), deter-
mined by a formula which is the inverse of (2).

A=UF, 13)
) It is easy to see that
AA*=A
or otherwise
Qp gy =aly+al,+ . . . +a, =), (14)

Thus, the spur (FF*) = spur (AA%).

According to (11), the A matrix contains only m2 elements, whereas the F
matrix contains a x m independent elements. In order to express the lacking
nm - m2 = m(n - m) elements we use variable U. The latter in incomplete
form contains a x m elements, of which only the m2 elements determined

from the V matrix are independent. The remaining m(z - m) elements were
also expressed precisely using the U matrix in accordance with (10).

llowever, this indicates that the evaluation of the covariation matrix FF*
by means of the matrix F(n x m) is rather fair.

Similarly, it is possible to express the F* matrix through the matrix of
cigenvectors of the F*F matrix. We will have

F*=VB. (15)

The B matrix in this formula has the dimensionality (m x n). Using the ele-
ments of this matrix it is possible to derive a formula similar to (12)
for the rows of the F matrix (or the columns of the F* matrix).

Fro=biyVir+ by Vip st oL b, Vo (16)

6
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Similarly to formula (14), we can obtain

moﬂuﬁ@|+ﬁ,#... + b, =

There 18 a simplce correlation between the matrices A and B, following from
(2) and (15); cquating the right-hand sides of these formulas (with trans-
positioning), we obtain

A= (VBU)*.
We write, in accordance with (9),
F=UA=FVA-'11 4,

We multiply this equation on the left by v*i* and on the right by V; we ob-
tain
A=JNA-PAV

or
A=ANye, (17)

This formula can also be derived directly by a comparison of formula (10)
and a matrix analogue of formula (2).

The principal merit of formula (17) is that in order to obtain the A matrix
it is not at all necessary to return to the matrix of initfal data F.

Assume now that it is necessary to find the regression of some variable 2
to the variables Fp, Fz,...,Fn -- the components of the F vector, a sample
of which was given by the matrix (6). The sample of the variable Z will
evidently be represeited by a row of the volume m (of m terms). We will
seek a regression not directly to the variables F1, F2,¢.4, Fn, but to the
vzriables of the A matrix. In this case the regression equation can be
written in the following form:

Z=¢a0 + 80+ . . . +endno (18)

where €1, €5,..., £ are coefficlents which for the time being are un-
known, whereas the values 4]10s 320s+¢+,3m O are rows of the A matrix. As
@ result of orthogonality of the matrix rows (11) and using expression
(14), we can write that

1 ey} .
¢‘:-)T(Za,°)_-i‘—(a,oz ). (19)

Using formula (17), we can write an expression for the vector-row €1, 52,
+eey £ in the following form:

e=ZVA-IR, (20)
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It is understandable that if we expressed the vector-row &= (€3, €9,
veey Ep) through the U matrix, we would have the expression

e=ZA" AL

For the derived regression equation (18) it is easy to compute the correla=
tion coefficlent. In actuality, since the variables of the eguation (18)
are mutualiy orthogonal, the squaie of the composite correlation coeffic-
fent RZ will be equal to the sum

R’-’.—:r{»}-rg-r R ¥ 40

in which each term is the square of the correlation coefficient between 2
and aj g. On the other hand, on the basis of the elementary principles of
correlation theory it is possible to write 9

E'—-—r‘ T;“\
where U, and 93y are the standard deviations of the variables Z and aj (-
llence we easily oétain
' o (Zajo)
: R=— L= @1)
:t

The composite or general correlation coefficient is determined using the
formula

1 o= i . ’__l____
= a Vii= o Qi) 7 22)

In this formula the variable Z, as before, is the vector-row of sample
values of the Z variable.

sing the multiple correlation coefficient it is easy to compute the repro-
- ducible dispersion of the variable:

A (23)

Thus, the problem of correlation of Z for the F vector is completely solved.

Now we will proceed to the problem of predicting the Z value from the
sample F value. Its prediction in pure form exceeds the limits of this
sample because here it is necessary, using the new, (m+l)~th sample value
of the F vector, to determine the corresponding sample (m#l)-th Z value.
In this case the sequence of operations is almost obvious.

First, we will assume that the regression equation (20) can be applied be-
yond the limits of the sample from which it was derived. Then, using a

single new realization of the vector F,y we find the values of the para-
meters aj, a2,...,2m in accordance with the formula

8
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ay == U.." FWHI “2=U|.v) Fmsl" R

(24)

where U are eipenvectors of the FF* matrix, which were determined earlier
using formula (9), whereas Fpne1 18 a new realization of the F vector, The
determindd values aj, 82y++08p are introduced into equation (23) and the
‘o] Valud is computed,

As we have already noted, the evaluation of the covariation matrix FF* of
the dimensionality (n x n) using a sample of the volume m< n is quite poor,
has a weak stability, In actuality, it is sufficient to increase the volume
of the sample by unity and a new eigenvalue appears which in general is not
¢qual to zero; there is also a change in the other eigenvalues and the
small numbers change relatively more, The eigenvectorsy corresponding to the
small numbers are also less stable than the first elgenvectors correspond~
ing to the large numbers.

lt therefore follows that in general in the regression equation (20) it
makes nu sense to retain all the terms; the last terms, as the least

stable, containing much "noise," must be omitted. But how many terms must be
kept in equation (20) is a special problem. There can be no general solu-
tion here; everything is dependent on the nature of the problem,

When using a regression equation for forecasting purposes it must be taken
Into account that from the very beginning we divided all the elements of
the sample F by iﬁ‘(m is the volume of the sample). For this reason, if we
vish to use formulas (18)=(24) without any changes, we must also divide
the new (m+l)-th sample value of the F vector by /m, In particular, this
applies directly to formulas (24).

We will not discuss some other details of practical computations here. It
is obvious that small samples (in the sense that the number of random var-
fables is greater than the volume of the sam,le) are encountered rather
frequently In studies on the analysis and prediction of atmospheric pro-
cesses. The problem of small samples will also remain pertinent in the
future, since each 10-15 years new series of observations of new elements
appear in meteorology. The work approach outlined here, with such samples,
in definite cases is capable by many times of reducing the purely computa~
tional side of the work, and in some cases will make it possible to solve
problems which cannot be handled directly even by electronic computers
with a rather considerable capacity.

Finally, we will make one more comment. It fs possible that some of the
mathematical transformations cited in this article may prove to be ex-

- Lremely nonrigorous and even arbitrary. This applies primar{ly to matrix
transformations with a U matrix -- the matrix of eigenvectors of the co-
variation matrix FF*, The U matrix is determined only for the vectors corres-
ponding to the first n numbers, not equal to zero. But we have already men-
tioned that the U matrix can also be supplemented for the remaining (n - m)
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numbers, identically equal to zero. Such a supplementation can be carried
vut by an extremely great many methods, with adherence to only one condi-
tion: orthogonality of the full U matrix, After such supplementation of
the U matrix (In actuallty, of course, it is not necessary to do this) all
the computations become completely determined.

Another possibility of justifying all the computations which have been made
Iy use of methods for pseudoinversion of matrices. These methods have been
set forth quite completely in the already cited book by Albert [1].

Thus, mathematically 1t is entirely possible to obtain some number of first
natural components for a very large number (several hundreds) of points
vith use of an electronic computer of average capacity. It can be assumed
that these natural components, about half the volume of the sample, will
have sufficient stability. Their use, with definite reservations, is admis-
sible on a practical basis and 1is entirely feasible.

Assume, for example, that it 1s necessary to represent the natural compon-
cents of geopotential of the 500-mb isobaric surface in the northern hemi-
sphere with monthly averaging. At present we have observational data for ap-
nroximately 30 years. This means that the volume of the sample for each cal-
endar month is about 30. It is assumed that the numb:r of points necessary
for describing the lispg field for the hemisphere can attain 400-500 or ecven
more. We note that the number of so-called "independent" points for a hemi-
sphere, according to different estimates, varies from 40 to 60. Under such
circumstances 20-40 points in a hemisphere will scarcely give any good idea
concerning the first natural components for a hemisphere. In any case, for
the first 10 components it is better to take about 100 points and use the
techniques developed in this article. It seems that such recommendations

: agree entirely with the requirements of climatology, in which it is assumed
that a period of 30-40 years is entirely adequate for obtaining virtually
stable means. Taking into account some weak nonstationary character of at-
mospheric circulatfon processes, it can be said that a lengthening of these
times is scarcely desirable.

With respect to the regression equation and its use in predictions, here, as
usual, everything is dependent on the volume of the sample and the number of
predictors. Although the system of natural components, determined on the
basis of sample data for a new (not entering into the original sample) real-
ization, will not be complete, this should not have any significant effect
on the regression results, since we cannot take all the components into ac-
count. In other words, here there is an ordinary transfer of the statistical
properties of the sample to the new realization. It can be noted that some
researchers, such as M. 1. Yudin (10], consciously very greatly limit the
volume of the sample used in the forecast, assuming that large samples are
uscless as a result of nonstatfonary processes. In this article we do not
rive any statistical evaluations of the results obtained. It appears that

no classical methods for making such evaluations are applicable here. In
many such methods we encounter the mandatory condition m>n, that is, the
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volume of the sample must be greater than the dimensionality of the consid-
vred vector,

‘thus, for judgments concerning the applicability of these operations, for
the time being we can judge thelr statistical significance only on the ba-
sis of general intuitive considerations. Some modeling procedures or empir-
ical computations are also possible.

An empirical checking of the legitimacy and admissibility of use of small
samples is possible in two directions: either from a good large sample
(m>n) form several (2-3 or more) small samples, such that in each (my < n),
and compare the results, that is, compare the eigenvalues and eigenvectors;
or vice versa, from one small sample (m<n), but where n is sufficiently
great, by means of a decrease in dimensionality, form one or two normal
samples (in the sense m>nji), by means of a regular thinning of criteria
(for example, a decrease in the number of points on the map).

The coordinate system, reduclng the covariation matrix of the random vector
to a dlagonal form, has the optimum property that the entropy of disper-
sions in this case becomes minimal. This property can be expressed by the
formula

n n
Y Myln My=~3 M lnk, (25)

=1 i=1

where M;; are diagonal elements of the covariation matrix.

As is well known, for thermodynamic systems the change to more probable
states is accompanied by an increase in entropy. In our case an increase

in entropy in accordance with equation (3) means a change to those coordin-
ates In which the dispersion is distributed more uniformly with respect to
different components of the F vector.

It makes sense to trace how this occurs. On the basis of the rules of matrix
multiplication, for an element of the M matrix, using equation (5), it is
possible to write the expression

n n )
M”=Z Uiaty U:/:z U U]u e
e=1 ez}
For diagonal elements of the M matrix this formula gives

n
My=Y U, (26)
e=|
The U(2) matrix, whose elements are equal to the squares of the elements
of the orthogonal matrix of the eigenvectors U, evidently will be doubly
- stochastic, that is, the sums of the elements of each row and each column
of such a matrix are . jual to unity. It therefore follows that the Mig
values are found by some averaging of the values 21, ;12,..., Ape In

particular, this means that My < A1, and Mpg > Ans and, as it is easy
to sce,
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Z:Aﬂl==2:ku-

The inequality (25) was already mentioned by Shannon, the founder of the
theory of information. An application to matrix theory was evidently given
for the first time in [5], published in 1967.

10.
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UDC 551.576.11(470.5)

SOME CHARACTERISTICS OF WAVE OROGRAPHIC CLOUD COVER OVER THE MIDDLE
AND NORTHERN URALS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 15-24

{Article by T. N. Bibikova, Moscow State University, submitted for public-
atlon 16 March 1978}

Abstract: A study was made of the principal
characteristics of wave orographic clouds
forming on the leceward slope of the Northern
Urals.

[Text] Already for a period of 20 years the Department of Atmospheric Phys-
fcs of the Physics Faculty Moscow State Unlversity has been engaged in a
study of air curreats in mountains and an investigation of the conditions
for formation of orographic cloud cover in different regions of the Soviet
Union. As a result, much factual material has been accumulated on the phys-
ical properties of altocumulus lenticular clouds of the Ac lent type in

the Crimea, in the Caucasus, in the Carpathians and in Central Asia 1, 3,
4l

The studies which are being carried out in the Department of Atmospheric
Physics have made it possible to compare the observed wave clouds with
theoretlical data [2]. In particular, it follows from the theoretical stud-
ies of A. F. Dyubyuk and V. N. Kozhevnikov that the profile and configura-
tion of an obstacle exert a considerable influence on the redistribution

of meteorological elements on the leeward side [5, 7]. Accordingly, at all
times we have striven to find those mountain ranges which could be theoret-
ically investigated within the framework of two-dimensional models and the
results (streamlines) are compared with really existing cloud systems [8].

The Urals long ago attracted our attention. A. F. Dyubyuk has repeatedly
mentioned the necessity and good prospects for studying the propertics

of the air flow in the Northern and Middle Urals. In actuality, the Urals
Range is oriented almost meridionally, especially in its northern part,
is quite elongated, and the westerly flows, perpendicular to the range,
ns we will see below, are typical.

14
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AlL this Indlcates that Lt most exert a conslderable influence on zonal

flows and on the lecward slde create a stable wave pattern close to the

two-dimanslonal theoretical models [8], which in the first place must be
manifested Ln the fleld of orographic cloud cover.

Despite the fact that the Urals is of considerable interest for investiga~
tors of mesometeorological processes, it has been very poorly 'studied. For
example, in the studies of A. Kh. Khrgian and V. D, Sovetova an investiga-
tion was made of the influence of the southern and middle parts of the
Ural Range on cloud cover and precipitation [10, 11]. The region to the
north of Nizhniy Tagil has remained virtually unstudied.

In the summer of 1972 we made a first attempt at clarifying the conditions
and nature of wave formation on the eastern slope of the Northern Urals.

The expedition was based on the aerological station at Ivdel', which is
located 60 km to the east of the main line of the range and 500 km to the
north of Sverdlovsk. Our investigations revealed a good possibility

for study of wave movements in this region, In the summer of 1973 we or-
nanized a second expedition to the reglons of Severoural'sk and Vsevolodovo-
lagodatskiy village, The observation points in this case were situated
¢loser to the main line of the range (at a distance of 20 km), which made
possible a more detalled study of the properties of orographic clouds.

For an observer situated on the ground the only evidences of wave movements
in the atmosphere are orographic clouds, Therefore, our efforts were di-
rected to a study of cloud systems consisting of Ac lent clouds. We employ-~
ed an earlier developed stereophotogrammetric method with a simultaneous
survey of the entire heavens on the same frame [3]. In addition to instru-
wental measurements of cloud cover, in order to obtain the mean statistical
characteristics of wave cloud cover, extensive use was made of data from
the network of meteorological stations,

Frequency of appearance of clouds of the Ac lent type in the Middle and
Northern Urals, An investigation of the spatial distribution of the fre-
quency of Ac lent is interesting from two points of view: 1) Due to the
fact that the Urals Range is quite extended in a meridional direction,

its uniformity from north to south is different. And this means that its
individual parts must exert a different influence on perpendicular air
flows. 2) Knowing the frequency of appearance of wave clouds over meteor-
ological stations sicuated at the Same latitude but at different distances
from the axis of the range, it is possible to estimate indirectly how far
the wave pattern is propagated downstream.

In a meridional direction we examined a region with an extent of about 600
km from Burmantov to Sverdlovsk. An analysis of cloud cover was made using
data from eight meteorological stations situated on the eastern slope of
the Urals (Burmantovo, Ivdel', Severoural'sk, Karpinsk, Serov, Verkhotur'-
ye, Nizhniy Tagil, Sverdlovsk). From the meteorological records we selected
the days when there were clouds of the Ac lent type.

15
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Table 1

Urequency of Appearance of Wave Orographlic Clouds of the Ac lent "ype in
the Northern and Middle Urals Regardless of Season

= Key:

12,

Uncho | Yacrora
TMvixt lhcho?nnc Ynecao ana- gucn [ neynnennn
N ot xpe6Ta, |ansupyemux |oGankamn| 06aakos
HabawaCHIN X Aleh Titna 4 THIA
1 2 Ac lent. | Ac lent. % 5
6  Bypmautono 60 19631972
K BOCTOKY 3553 890 25
Haneas 50 17f 1963--1972
) K BOCTORY 3553 781 22
Cesepo- 35 1960—1965
8 ypaauck | K Boctoxy 1970—|972
878 27
Kapmuiex 50 1955-4972
9 K BOCTOKY 339 12
Cepon 70 1965-—1972
10 8 K nngsoay 1966 2lg . 422 15
cpXoTypue —197
11 P BOCTOKY 2457 146 6
Huxnnf 60 1965—1972
12 Tarna K BOCTOKY 2822 280 10
Cuepanonck 160 1963—1972
13 * | K BocTOKY 3553 250 7
Wantany 170 1961—1965
14 K BOCTOKY 1726 70 4
15 Yepauns 120 1961—1965 225 13
. K sanaly )
16 Yerb-Uepnas 300 18| 1961—1965
K 1anaty 1726 33 2

Observation point
Distance from range, km
Number of analyzed days

. Number of days with Ac lent type

Frequency of appearance of Ac lent clouds, %

Burmantovo
Ivdel'
Severoural'sk
Karpinsk
Serov
Verkotur'ye
Nizhniy Tagil
Sverdlovsk
Shantal'

. Cherdyn'
. Ust'-Chernaya

to the east
to the west
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Without regard to season, these data were averaged and we calculated the
frequency of recurrence of days with lenticular clouds. Table 1 pives °
data on the spatial distribution of the frequency of occurrence of wave
orographic clouds. It can be seen that in the northern part of the region
from Burmantovo to Severoural'sk the frequency of occurrence of wave clouds
1s maximum (an average of 25%). The range in this region is characterized
by a maximum uniformity (mean width of range == 100 km, elevation 1,100-
1,300 m),

To the south of Severoural'sk the main Ural Range deviates somewhat from

a meridional direction and 1s incised by latitudinal valleys. Individual
mountain complexes rise here: Ol'vinskiy Kamen' (1,519 m), Konzhakovskiy
Kamen' (1,569 m), Kos'vinskiy Kamen' (1,519 m). As a result, the influ-
ence of the range in general attenuates and this creates a complex picture
of flow around individual peaks which impairs the ordered wave system char-
dcteristic for a uniform elongated range. In the cloud cover field this

is manifested in a decrease in the frequency of appearance of clouds of

the Ac lent type, on the average by 127%.

From Nizhniy Tagil to Sverdlovsk the main range drops down considerably
(to 500 m), broadens out (average width of range 200 km) and still more
loses its uniformity. The leeward slope of this sector is characterized
by a minimum frequency of appearance of clouds of the Ac lent type (on
the average 8%).

Thus, most frequently ordered wave movements of air and the lenticular
clouds associated with them are formed on the leeward slope (for wasterly
air flows) of the highest nerthern part of the Urals Range, from Severoural'-
sk to Burmantovo, Cloud photographs taken from meteorological satellites

show that wave clouds are also frequently observed beyond the Polar Urals,
but we do not have a sufficient series of observations for carrying out a
statistical analysis.

In order to ascertain the rate of attenuation of the wave flow downstream
we analyzed data from meteorological stations situated at the latitude of
Lvdel': Ust'-Chernaya, Cherdyn', Ivdel' and Shantal'. Ust'-Chernaya and
Cherdyn' are located on the western slope of the Urals Range, 300 and 120
ikm respectively from the main line of the range, whereas Ivdel' and Shan-
tal' stations are located 60 and 170 km respectively from the main line
of the range on the eastern slope. Table 1 shows that at Ivdel' clouds of
the Ac lent type are observed rather frequently (22%). With increasing
distance from the range the frequency of appearance of wave clouds de-
treases and for the meteorological station Shantal', situated 170 km to
the east of the range line is 4% of all the investigated days. The same
Plcture 1s observed when there are easterly winds on the western slope

of the range. Whereas for Cherdyn' station the frequency of occurrence of
clouds of the Ac lent type is 13%, tie Ust'-~Chernaya meteorological sta-
tion observes these clouds very rarely (22%).
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Fig. 1. Diurnal variation of wave orographic clouds of the Ac lent type
for different seasons (according to data from Severoural'sk aviation
neteorological station).

Fig. 2. Seasonal variation of wave orographic clouds of the Ac lent type
(according to data from Severoural'sk aerometeorological station) (1)
and westerly flows (according to radiosonde data for Perm') (2).

As a result of an analysis of the spatial distribution of the frequency
of appearance of clouds of the Ac lent type along latitude it is possible
to draw the indirect conclusion that the influence of the Ural Range on

the field of orographic cloud cover is reflected downstream to a distance
of 200 km.

Dlurnal variation of wave orographic clouds. A joint analysis of radiosonde
data and a slow motion picture survey of clouds made earlier in the Crimea
made it possible to establish that one of the reasons for the destruction
of wave clouds is a change in the intensity of convective air movements

as a result of heating of the underlying surface [6]. Accordingly, the
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dlurnal varlatlon of wave clouds must essentially be dependent on the
season of the year. The observatfonal data on Ae lent make it possible
to clarify this problem to some degree, We took data for the aviation
metcorological statlon at Severoural'sk during the period from 1967 to
1973 and analyzed the frequency of appearance of clouds of the Ac lenc
type during the course of the year. December-February are assigned to the
winter season, March-May are assigned to spring, June-August are assigned
to summer .and September-November to autumn, Figure 1 presents the results
of determinations of the frequency of appearance of clouds of the type

Ac lent during the day for different seasons,

E Table 2

Cloud Cover Accompanied by Clouds of the Ac lent Type (According to Data
from Meteorological Stations in the Northern Urals)

1 2 3

=3

5

2 |2

Dopya o6aaunoctn E g

< Q.

.8

5818
Pt
Ac lent,, Sc lent., Ci, Cs, Ce 623' 47
Ac lent., Sc lent., Cb 97 4
- Ac lent., Sc lent., Cy cong. | 12[ 1

Ac lent, Sc lent., Cy med,
Cu hum. 48 4
Acdent, Se lent,, Ac, As 796
Ac lent., Sc lent., Sc¢ 168/ 13
Sc lent. Gif 5
- Ac lent. 02l 18
Ac lent.. Sc lent., Ch, Cu,

Ci. Cs, Ac, Sc 260 2
4 Hroro . . 11309 100

Key:

1. Form of cloud cover

2. Number of days
z 3. Frequency of recurrence, 7
) 4, Total

The diurnal variation of wave clouds is clearly traced during the spring-
summer seasons with maxima during the morning, evening and nighttime hours.
At near-midday hours there is an almost complete absence of wave clouds

for the spring-summer seasons. In autumn a diurnal variation of clouds

of the type Ac lent is virtually not expressed. In the winter time, on

the other hand, during the daytime there is a uniform increase in the
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frequency of occurrence of wave clouds from morning to evening with a max-
imum at about 1600 hours.

Thus, In the warm half-year the daytime local circulations developing over
the mountalns and valleys are propagated to an altitude adequate for de-
stroylng the dlstributlon of streamlines behind the rauge, and this favors
the appearance of atmospheric wave movements.

Seasonal variation of wave orographic clouds. The problem of the seasonal
variation of wave orographic clouds of the Ac lent type has not yet been
completely solved. For example, it was pointed out in [12] that over regions
of the Sierra Nevada (United States) and the British Isles wave situations
are encountered most frequently during the winter half of the year. The
observations of Larrson in Sweden {13] revealed a substantially different
peculiarity, to wit: the influence of mountain barriers on air currents

is especially great during the transitional periods of spring and autumn.
We feel that in order to clarify the seasonal variation of wave clouds

it is necessary to know, in particular, the conditions surrounding their
formation., If, as mentioned in [2], the perpendicularity of an air flow

to an obstacle is one of the decisive factors for the excitation of wave
movements on the leeward side of a range, it was especially necessary to
clarify the wind regime of the Northern and Middle Urals.

We examined radiosonde data for Perm' for the period from 1968 through 1973.
Taking into account that clouds of the Ac lent type, according to our
stereophotogrammetric measurements, are observed most frequently at alti-
tudes from 3 to 7 km, we limited ourselves to an analysis of data for the
tropospheric layer from 1.5 to 8 km. First of all we determined the type

of air flow for eight directions of the compass for each day. Westerly
winds, perpendicular to the range, were predominant for all seasons; there

is a seasonal variation of westerly flows with a minimum in summer and maxima

in autumn and spring. True, deviations from the mean are small ~- about +12%
(see Fig. 2).

Next, using data from the meteorological stations Severoural'sk, Ivdel'
and Burmantovo we constructed curves of the seasonal variation of the fre-
(uency of appearance of clouds of the Ac lent type, which are shown in
Fig. 2. It can be seen that there is a definite correlation between the
frequency of appearance of wave clouds and westerly flows.

llasterly winds, also perpendicular to the range, are observed quite rarely.
Hevertheless, it can be suggested that in summer their number is somewhat
preater than in spring and autumn. When there are easterly winds wave
clouds should be excited on the westerly slope of the Urals (see data for
the Cherdyn' meteorological station in Table 1).

(loud cover accompanying wave orographic clouds. Convective air movements
destroy lenticular clouds, but these same flows are responsible for the
formation of cumulus clouds. The intensity of cumulus clouds will be essen-
tially dependent on atmospheric stability, that is, the temperature
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stratifleatton of the alr Tlow, Therefore, on the basls of the type of
cloud formy accompanying wave orographic clouds we can draw the conclu=
sion that there is a stratification of the atmosphere., On the basis of
data for the meteorologlcal stations Burmantovo, Tvdel' and Severoutral'sk
ve selected 1,309 days with Ac lent or Sc lent clouds.

Table 3

Altitudinal Distribution of Layers With Ac lent Clouds in August 1973

B ]
Koanue: | Brcora yponueit | Beptuasinas Beprvasnan | Hlapauscime
5 | cteo | cobrakawn tuna | woumocts ofaar. | MOWHESTH Ge306- | gn3tywmare
¢ | yposucit Ac lent, am A caves, ay [TAUFM\ ADOMeXyT-|  noToka B
F 2 3 KOB, KM cioe 1—8 xu
: 4 5 6
3 30141 1.06 0.230 3
4331477 0.44 0,69 7
2,42-—6.43 1.0l 1,27
7,80—-8.34 0,54 0,76
- 91--94
2 4 6,77--6.92 015 0.56 37
748--7.74 0.26 0.43
8.17--867 0.l0 0,22
8.89--9,22 0.3
14 4 131445 0.15 1.45 3 4
591-6,25 0.34 063
6.88—7.05 0.17 2.16
9,21-9,44 0.23
19 4 24--26 0.20 0.30 5C3 8
2,729 0.20 0.29
3.19-3.36 0.17 3,34
6.7—171 04
12 2 33-36 030 1,92 3C3
552—5,70 0,28 w8
i 9 1 2,3-266 0.33 B
9
Key:
1. Number

2. Number of levels
3. Altitudes of levels with clouds of the Ac lent type, km
4, Vertical thickness of cloud layers, kn
5. Vertical thickness of cloudless intervals, km
6. Direction of air flow in layer 1-8 km
7. West '
8. WNW

9. E
The observed cloud cover was transcribed from the meteorological record
books for each specific day. As a result it was possible to discriminate
efght groups: when simultaneously with Ac lent or Sc lent, Cc lent there
vas observation only of cirrus cloud or cumulus~ or stratus-type forms, or
only middle-level clouds; when only lenticular clouds were observed, and,
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Hnally, when all clowd forms were observed gimultaneously,

The analytical results are presented in Table 2, from which it follows that
almost half of all the days are cases of simultaneous existence of wave
and cirrus cloud forms (47%). One of the reasons for this can be that the
Urals form not only clouds of the Ac lent type, but als ecirrus clouds.
In [14] Ludlam already pointed out that upper-level clouds can be formed
heyond the mountains. Our stereophotogrammetric measurements of eloud
covet registered Cc lent situated at altitudes of 9.3 km, Unfortunately,
we had no cloud data for these same days for the oncoming flow, that is,
in front of the Urals Range. In the future it would be of interest to
carry out a simultancous comparison of cloud forms in the windward and
leeward flowa, '

In 237 of the cases there were only wave orographic clouds. Table 2 shows
that clouds of the Ac lent type, in combination with cumulus clouds, are
cficountered quite rarely (9% of all cases). This agrees with the fact,

as shown by an analysis of radiosonde data, that in the case of wave
clouds of the Ac lent type, the atmosphere 13 stably stratified and at
altitudes 2=4 km there are isothermic layers which inhlbit the develop-
ment of convective clouds.,

Lifetime of wave urographic clouds. Almost all theoretical studies relate
to stationary models. In order to clarify the legitimacy of their applica-
tion to really existing wave cloud systems it is necessary to know the
Hfetine of these systems. It follows from our direct observations of clouds
of the Ac lent type that the lifetime of a system consisting of wave oro-
sraphic clouds varies from 2 hours 30 minutes to 10 hours. The indtvidual
lentfcular clouds entering into the system continuously change form and
size., The velocities of horizontal change in individual clouds of the Ac

- lent type vary from 1 to 3 m/sec and their lifetime is 12-50 minutes.

The processing of the stereophotogrammetric photographs indicated that in-
dividual Ac lent pulsated, that is, the lenticular clouds developed in a
definite region and at some moment In time attained their maximum size,
Then the clouds began to decrease in volume until they had completely dis-
appeared or until they had attained a minimum size, After this, after a
defin{te time interval a cloud similar in size and form again developed

ot this very same place. The period of the pulsations was 15-35 minutes.
The wave cloud system {n general in such cases remained quasistationary,
that is, the center of gravity of individual cloud bands was almost not
displaced relative to the local relief.

Spat{al characteristics of wave orographic clouds. During the period of
cxpeditionary work we repeatedly observed cloud systems consisting of
clouds of the Ac lent type.

Since stercophotograrmetric measurements of cloud cover were made in the

‘orthern Urals region for the first time, we will now discuss some of the
results,
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H

Altitudes of appearance. As a result of processing of the stereo photo=
graphy it was possible to detect a characteristie pecullarity: as a rule,
clouds of the Ac lent type existed simultaneously at several levels, be-
tween which there were cloudless intervals. For example, on 5 August 1973
there were five levels with clouds of the Ac lent type, on 2 August 1973
-=- fout levels, on 4 August (morning and evening) and on 19 August 1973
=~ three levels, on 12 August 1973 -~ 2 levels. Table 3 gives some idea
concerning the thicknesses of cloud and cloudless layers, their lower and
upper levels, Table 3 shows that the levels of cloudy and cloudless layers
vary from day to day.

The ehumerated situations were observed when there were westerly or nearly
westerly winds, when the wave pattern developed on the eastern, leeward
slope of the main Urals Range (average elevation 1,000-1,200 m). When
there was an easterly alr flow, as was the case on 9 August 1973, the re=-
plon of obgervations was on the windward side of the main Urals Range, but
on the leeward side of the eastern Urals ridges, which are 70 km from the
Urals Range and 20 km from the observation site (to the east). The region
of the ridges consists of three principal chains: the foothills of the
Urals Range with the highest rise being Petre,avlovskaya Peak (424 m) and
the two chains of the Eastern Urals Ridges.

On 9 August wave orographic clouds of the Ac lent uype, which we observed

at Lake Svetloye (4 km from Vsevolodov-Blagodatskiy) were formed on the -
leeward slope of the Urals Ridges. In this case the wave cloud pattern was
completely different than in the case of westerly flows. First, there was
only one layer with clouds of the Ac lent type. The lower base of the lent-
fcular clouds was situated at altitudes from 2.3 to 2.6 km and the tops at-
tained 3 km. The vertical thickness of individual clouds was 360 m. The
cloud system itself was not represented by long bands parallel to the
range, as we always observed in the case of westerly flows, but by indi=-
vidual "lenses," whose long axes were parallel to the ridges. The hori-
zontal dimensions (perpendicular to the flow) of individual clouds varied
from 2.5 to 8 km,

All this indicates that beyond less high obstacles wave movements are ex-
vited at lesser altitudes and their attenuation with altitude occurs con-
siderably more rapidly.

Vertical thickness. In most cases for wave clouds of the Ac lent type it
is possible to measure both the lower and upper bases., On stereopairs ob-
tained on different days we measured the vertical thicknesses of individ-
ual lenticular clouds entering iuto the wave systems. As a result, we as-
vertained the frequency distribution of the vertical thickness of clouds
of the Ac lent type. The histogram shown in Fig. 3a shows that most fre-
quently there are clouds having a vertical thickness from 300 to 400 m.
The scatter of values varies in the range from 100 to 1,200 m.

2]

lixtent of clouds of Ac lent type perpendicular to flow. A distinguishing -
characteristic of the Northern Urals is that when there are westerly air
flows a whole system of wave orvgraphic clouds of the Ac lent type is
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formed, The indfvidual clouds entering into the system constitute long
ribhong parallel Lo one another and the range. The use in the analysis
of ¢loud photographs taken from meteorological satellites has made it

possible to clarify that the wave pattern is extended 400-500 km along
the meridian. Our survey apparatus did tiot make it possible to take in
the entire cloud system, Therefore, when we speak of the extent of wave
clouds, we have i{n mind the individual clouds registered on the steten
photographs. Figure 3b, which shows a histogram constructed on the basis
of measurements of horizontal dimensions of individual clouds perpendic-
ular to the flow for all days of observations shows that the extent of
the clouds varies from 1 to 22 km, At the same time, it must be taken
into account that we did not discriminate any definite stage in the de=
velopment of wave clouds.
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Fig. 3. Frequency distribution of parameters of clouds of Ac lent type. a)
vertical thickness, b) length perpendicular to flow. ¢) width

Thus, the distinct organization of clouds of the Ac lent type into elongat~
ed bands gives us a basis for asserting that the flow around the Northern
trals is two-dimensional.

Width of clouds. The width of individual cloud bands varies in a consider-
ably lesser range than their lenpgth. Figure 3c shows that it varies from

I to 5 km, Most frequently there are wave clouds with dimensions from 2 to
} km perpendicular to the flow.

ownstream propagation of wave pattern. As a rule, cloud systems consisting

of wave clouds of the Ac lent type constituted parallel ridges with a total
sumber from 4 to 10. As indicated earlier, a stereophotogrammetric survey
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made it possible to detect a multilevel nature of wave orographic clouds,
The greatest number of bands with the greatest distance from the range
downstream was registered for the lower (3=4.5 km) level., We will cite
deveral of the clearest examples,

Fig. 4. Wave orographic clouds of the Ac lent type which were observed on
24 July 1972 at 0825 hours (at Ivdel').

Un 5 August 1973 there were nine cloud bands simultaneously; in the layer
3.2-4 km these werc propagated downstream for a distance up to 100 km.

In the above-lying layer, from 5 to 6 km, there were only four bands with
A maximum distance from the range up to 30 km. At the very upper level,
At an altitude of 9.3 km, there was only one band which was situated vir-
tually over the main Urals Range [9].

Yn 21 July 1972 wave orographic clouds were observed from the earliest morn-
ing to 1300 hours in the form of long bands parallel to the range, the to-
tal number being mcre than nine. According to measurements, the lower layer
with clouds of the Ac lent type was situated at the level 4.3 km. The ver-
tical thickness was 550 m. The average wave length was 9.5 km., By compar-
ing the data from the stereophotogrammetric measurements with data obtain-
cd using a wide-angle camera it could be established that the entire cloud
system was propagated downstream for a distance of more than 150 km (the
¢loud bands moved out of the field of view of the survey camera).

According to radiosonde data (at Ivdel'), the wind had a stable westerly
direction in the entire thickness of the troposphere. The wind velocity

Increased with altitude. The wind shear in the layer from 500 m to 2 km
vas particularly conspicuous. For example, at an altitude of 500 m
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the wind velocity was 7 m/sec, and at an altitude of 2 km == 20 m/sec.
Moft the veloelty changed little with altitude, on the average remaining
23 m/sgec,

The oncoming flow, sccording to radiosonde data for Perm', was character-
ized by an Increased etability., tn the tayer 1.5-5 km the vertical tem-
perature gradient was ) = 3,6°C/100 m.

24 July 1972 wave orographic clouds of the Ac lent type developed at 0500
hours and lasted until 0950 hours. As in the preceding examples, the clouds
were stretched out in long bands parallel to the range., Figure 4 is a pho-
tograph of cloud bands at 0825 hourg, It ig easy to see at least eight
bands. We succeeded In establishing that the influence of the Urals Range
was reflected In the c¢loud cover fleld a distance of more than 140 km.

According to radiosonde data for Perm', the oncoming flow had a stable west-
erly dirvection perpendlcular to the range., At an altitude of 3 km the wind
velocity was 5 m/sec, and at an altitude of 5.5 km == 25 m/sec. With alti-
tude a wind shear occurred with a gradient of 8 m/sec per kilometer.

As in the preceding case, in the oncoming flow there was a considerable
laver with a small vertlcal temperature gradient. At altitudes from 1.5
to 3 km the vertical temperature gradient Y = 0.4°C/100 m.

Thus, not only indirectly, but also instrumentally, it was possible to es-
tablish that the influence of th~ Urals Range is manifested in the field
of orographic cioud cover for a distance of more than 150 km.

We tiote in conclusion that the Northern Urals is exceptionally favorable
for leeward wave formation. When there are westerly air flows the cloud
systems consisting of clouds of the Ac lent type correspond to a two-dimen-
sional pattern of flow.

BIBLIOGRAPHY

i. Bibikova, T. K., Dyubyuk, A. F., Trubnikov, B. N., "Conditions for the
Formation of Ac lent in the Crimean Region," TRUDY TsAO (Transactions of
the Central Aerological Observatory}, No 47, pp 85-91, 1963,

2. Bibikova, T. N., Dyubyuk, A. F., Kozhevnikov, V. N., "Some Results of
a Comparison of Theory and Observations of Wave Clouds,' TRUDY VIII
VSESOYUZNOY KONFERENTSII PO FIZIKE OBLAKOV I AKTIVNYM VOZDEYSTVIYAM
(Transactions of the Eighth All-Union Conference on the Physics of
Clouds and Artificial Modification), Leningrad, pp 430-441, 1970.

1. Dyubyuk, A. F., Bibikova, T. N., Trubnikov, B. N., "Influence of Moun-
tain Topography and the Sea on Formation of Summer Cloud Cover Over
the Southern Crimea,” TRUDY UkrNIGMI (Transactions of the Ukrainian
Scientific Research Hydrometeorological Institute), No 26, pp 74-85,
1961.

26

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

4. Dyubyuk, A. F., Bibikova, T. N., "Conditions for Formation of Cloud
Cover in Dependence on Orography," TRUDY GGO (Transactions of the

Main Geophysical Observatory), No 171, pp 130-143, 1965,

5. Dyubyuk, A. F., "On the Theory of Lee Mountain Waves for a Rise with

an Arbitrary Profile," IZVESTIYA AN SSSR, FIZIKA ATMOSFERY I OKEANA
(News of the USSR Academy of Sciences, Physics of the Atmosphere and

Ocean), Vol IX, No 3, pp 235=246, 1973.

0.  Dyubyuk, A. F., Bibikova, T. N., Trubnikov, B, N., "Some Physical Prop=-
erties of Ac lent," METEOROLOGIYA I GIDROLOGIYA (Meteorology and Hydro~-

logy), No 4, pp 3-9, 1963,

7. Kozhevnikov, V. N., Kozoderov, V. V., "Theoretical Picture of Flow
Around the Crimean Range in the Yalta Region," IZVESTIYA AN SSSR, FIz-

IKA ATMOSFERY T OKEANA, Vol Vi, No 10, pp 979-988, 1970.

4. Kozhevnikov, V. N., "Orographic Disturbances in a Two-Dimensional Sta=-

tionary Problem," IZVESTIYA AN 58SR, FIZIKA ATMOSFERY I OKEANA, Vol 1v,

No 1, pp 33-52, 1968,

- 9. Kozhevnikov, V. N., Bibikova, T. N., Zhurba, Ye. V., "Orographic Atmo-
spheric Disturbances Over the Northern Urals," IZVESTIYA AN SSSR, FIZ-

IKA ATMOSFERY I OKEANA, Vol XIII, No 5, pp 451-460, 1977,

10. Sovetova, V. D., "Influence of the Urals Range on the Evolution of

Frontal Cloud Cover," TRUDY TsIP (Transactions of the Central Institute

of Forecasts), No 79, 1959,

B 11.  Khrgian, A. Kh., "Influence of the Urals Range on Cloud Cover and Pre-

cipitation," METEOROLOGIYA I GIDROLOGIYA, No 3, pp 11-17, 1961.

12, Alaka, M., "Aviation Aspects of Mountains,' WMO TECHN.

1960.

13.  Larrson, L., "Observation of Lee Wave Clouds in the Jam

Sweden," TELLUS, Vol 6, No 2, pp 124-138, 1954,

NOTE, No 34,

tland Mountains,

14, Ludlam, F. H., "Orographic Cirrus Clouds," QUART. J. ROY. METEOROL.

S0C., Vol 78, 1952.

27

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

UDC 551.509.616

STATISTICAL INDICES OF SPATIAL DISTRIBUTION OF PRECIPITATION IN THE
LXPERIMENTAL METEOROLOGICAL POLYGON

Mogcow METEOROLOGLYA T GIDROLOGIYA in Russian No 12, Dec 1978 pp 25-30

[Article by Candidate of Physical and Mathematical Sciences V. M. Muchnik,
Ukrainian Scientific Research Hydrometeorological Institute, submitted for
publication 28 March 1978]

Abstract: A study was made of the character-
istics of the precipitation field in the Ex-~
perimental Polygon of the Ukrainian Scientific
Research Hydrometeorological Institute. The
presence of stable local nonuniformities over
the territory of the Experimental Meteorolog-
fcal Polygon (EMP) is demonstrated.

[Text] The organization of the Experimental Meteorological Polygon (EMP)
with a dense rain-gage network made it possible to solve many problems
relating to artificial cloud modification [6, 8]. In selecting the territory
of the EMP particular attention was given to the absence of significant dif-
ferences in elevation, major rivers and water bodies as factors exerting an
influence on the formation of precipitation [8]. But disturbances of the
precipitation field must nevertheless exist, since in the territory of the
IMP itself and in the nearby areas there are major industrial cities (Krivoy
Rog, Dneprodzerzhinsk, Zaporozh'ye, Nikopol') and large water bodies (Kakh-
ovskoye and Dneprodzerzhinskoye Reservoirs). As is well known, large indus-
trial clties exert an appreciable influence on precipitation in the adjacent
territory [1, 3, 10]. Accordingly, in the EMP it is possible to expect the

- cxistence of a singular areal distribution of precipitation.

l.. F. Bogatyr' and A. 1. Romov [2], making a study of shower precipitation
(Intensity maximum greater than 6 mm/hour and duration less than three
hours) during June-August 1960-1962, discovered "permanent" maxima in the

western and castern parts of the EMP which were separated by a zone of min-
imum precipitation.

The existence of local maxima and minima of precipitation over the terri-
tory of the EMP is of considerable interest in relation to the problems
involved in evaluating the effectfveness of modification [5, 6, 8]. For
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example, those cases of modification which relate to a territory with a
Toeal waximum on the avernge glve exaggerated values in comparison with
modLfleations carried out for a terrltory with a local minlmum,

The presence of local maxima and minima of precipitation at distances of
10-20-km from one another is a factor which must be taken into account in
solving a number of pressing problems: long-range forecasting of the quan=-
tity of precipitation, planning of sown areas, prediction of the probabil=-
Lty of obtaining a harvest of a stipulated level, organization of irriga-
tion systems, etc.

The problem of the existence of local maxima and minima during the modiffc-

ation period (May-August) in convective clouds was examined using precipita-

- tion data collected at posts in the EMP during 1966-1970. As demonstrated
in [4], the result of modification of well-developed cumulus clouds during
this time period was less than 1% of the mean quantity of precipitation and
could not exert an influence on its distribution. Therefore, artificial pre-
cipitation was not taken into account. The author also did not take into
account the possible influence of microclimate on the conditions for meas-
uring precipitation, since during the setting out of precipitation gages
particular attention was given to the absence of such influences. When pro-
cessing the data use was made only of those posts whose observation series
had no interruption during the course of this time. As a result, the mean
density of posts was about 1 precipitation gage per 18 km?, These data were
used in constructing maps of the monthly and seasonal (May-August) precip-
ftation sums for the period 1966-1970. The maps were used in determining
the positions of the centers of the precipitation maxima and minima as the
geometric centers of closed isohyets. In cases when the isohyets were not
closed at the edges of the map, the position of the centers was determined
approximately. The accuracy in determining the position of the centers of
the maxima for the most part was 1-2 km and was greater than the accuracy
for the minima, which was 2-4 km.

Table 1

Dimensions of Areas of Regions "+" and "-'" According to Fig. 1

] 061a¢TH  paoiana
Iy ’ ll+’lll+| W, P i il ] I_
S wut 196, 274 is-l, 78 732 66 l 250 972 1288

As can be seen from the seasonal precipitation map for 1966-1970 (Fig. 1),
in the EMP territory there are clearly definable regions of maxima and min-
ima. The isohyet 180 mm can be considered the boundary between zones of in-
creased and decreased quantities of precipitation and the isohyets 160 and
200 mm can be regarded as determining the principal regions of reduced and
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increased quantities of precipiltation respectively. [Henceforth the re-
= nlons of increased and decreased quantities of precipitation will be des-
- tgnated ag reglons "+ and "-" respectively.] As a result, it was possible
to deflne the followlng reglons of increased quantity of precipitation
(Table 1): Ip -~ in the northwest, II, -- in the southwest, I1I, -- in the
north, IV, -- not closed in the southern part of the EMP, and with a re-
duced quantity of precipltation: I- -~ not closed in the northwest, II.
== in the south, III. -~ large, taking in almost all the eastern part of
the EMP, within which there is a rather large intermediate reglon with an
increased quantity of precipitation.

180 &0 200 2002 1
) J 06 60 60
YRS !
b 1 I !

'ig. 1. Seasonal (May-August) precipitation map of the Experimental Meteor-
ological Polygon during period 1966-1970. Regions of quantity of precipita-
tion: increased (> 200 mm) -- I, II,, III4, IV4 and decreased (<160 mm)
-~ 1., II_, III_,

Table 2

Frequency of Recurrence of Centers of Precipitation by Months and Parameter
p for 1966-1970

Lentp | Mait | Mons| Hioan| Asrycr L
) 1 2 3 4 5
<+ 23 29 34 22 108
—> 37 43 41 36 157
4+
O e 2 | s [
P 0381040045 0,38 | 0,41
m 0,26 [ 0,98 [ 03| 0.26 |0,35
Pa 048}0,52|0,57 | 0,48 |0,47
Key:
1. Center
2. May
- 3. June
4, July
5. August
6. and
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Table 3

Frequency of Recurrence of Centers "+" and "=" of Monthly Sums of
Precipitation by Regions of Precipitation "+" and "-" in 1966-1970

o[ g vy PO O I S T
Meesy 1 I -
+—+——+~—+——+—+i~+!——+'-—+—
|
Mai 302]]10062010'4676!2
- %mes 5()4l22?0|-‘$.’j00|,26l27|4
4 Hion 51204UOOIII()U')63|83I9
5  Abrycr .'1051321()I2-‘503130I3119
b 161 100310 31wl 50 3 o 42 QL0141 2015116145]171 64
- Key:
1. Month
2. May
3, June
4, July
5. August
Table &
Values of p Parameter and Its Confidence Limits P1 and p,y for the Regions
"+ and "-" for 1966-1970
£ @
58
lgﬁ,‘ n m p P P2
08
e | 17 ] 16 |09 0,71 1,00
Il+ 16 13 (0,810,954 0,94
Wy [ 15 | 10 0,67 [0.,38 | 0,88
£+ 51 42 [0,82]0,68] 0,92
n_ |17 | 2 {oa2]o0.02] 0,37
1 60 15 [0,25]0,15] 0,38
b 81 17 10,21 0,12 0,32
Key:

1. Precipitation region

local nonuniformities of the preci

extremely significant.

pitation field in the EMP territory are
For example, the difference in the mean extremal

quantity of precipitation in the northern parts of regions III, and III.
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cxceeds 90 mm, that {s, 1s comparable to the mintmum value in reglon ITI_
(128 mm) and constltutes about half the maximum value In the region 1114
(219 mm), With a distance between these points of 16.4 km the gradient of
the mean quantity of precipitation is 5.5 mm/km, that is, 1s extremely great.
We will also compare the mean values of the quantity of precipitacion by
areas in reglon [Tl and the northern sector of reglon 1IT., determined as
the means of the values for individual posts. This gives values of 205 and
143 wmm respectively. Since the axes of region III, and the northern part

of region TIl.are +“iented parallel to one another, the distance between
them can be determined approximately. It was found that the mean values of
the quantity of precipitation in these two areas of about 200 km2, whose
axes are approximately 18 km apart, differ by 60 mm, Still greater differ-
ences are obtained when comparing data for reglons I, and II, with data for
regions II. and ITT., the distance between which does not exceed 60 km,

Now we will attempt to answer the maln question as to whether these regions
are a result of a random distribution of precipltation over the territory
of the EMP or some constantly prevailing factors, For this purpose we wili
determine the frequency of recurrence of centers of Increased ("+'") and de-
creased ("-") quantities of precipitatlon from the monthly maps for each
yeat.

According to Table 2, the number of centers in June and July somewhat ex-
ceeds their number in May and August. Such a variation in the frequency

of occurrence is possibly attributable to the fact that in June and July
separation between periods of precipitation is greater than in May and Aug-
ust.

Since only the appearance of centers of precipitation of two signs is pos-
sible, their distribution is binomial. Accordingly, for solving the prob-
lem of the existence of local disturbances in the distribution of the cen-
ters of precipitation it is necessary to check the hypothesis of an invari-
ability of the distribution parameters over the territory of the EMP. For
this purpose we will use the parameter p = m/n, where m is the number of
"4+" centers and n is the total number of "+" and "-" centers, For final

- samples the p parameter can be varied in some limits p; and p2, stipulated
by the selected confidence level. If the local disturbances of the precip-
itation field in the EMP are great and the regions of increased and de-
creased quantities of precipitation are attributable to them, it must be
expected that for the "+" regions the p1 and py values will differ consid-
erably from their values for the "=" regions. In particular, there can be

- cases when the entire interval of p; and pp values for the "+" regions
will fall outside the interval of their values for the "-" regions.

[n order to determine the confidence limits p} and p2 we will select the
sufficicently high 99% confidence level. These limits will be obtained from
the p and n values using the nomogram cited in [9].
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Table 2 shows that the p value for the entire territory of the EMP, de-
termined on the basis of all data (n = 265), 1s equal to 0.41 with the
confidence limits p1 = 0,35 and py = 0,47, From month to month the p
parameter and Lts confidence intervals experience small changes. This
supports the hypothesis that the conditions for the formatlon of precip-
ftation In the EMP vary little during the period of time May-August.,

Now we will proceed to an examination of the frequency of recurrence of
centers of precipitation by oblasts,

Despite the fact that there were 51 centers for all months in all regions
with a quantity of precipitation greater than 200 mm and 81 centers with
less than 160 mm, their number for individual months is inadequate for
obtaining convincing values of the p parameter for individual regions.
Therefore, we will use data only from the last line in Table 3 for deter-
wining p for individual regions (except for regions IV4 and I.) for all
months, and also for f,'+ and 7_ for individual months.

It follows from Table &4 that the frequency of recurrence of the "+" for
regions of precipitation "+" differs sharply from their frequency of re-
currence for "-" reglons. Thus, the minimum p value for "+" regions is
equal to 0.67 (region IIL,), whereas its maximum value for "~-" regions

is 0.25 (region III.). In addition, it is found that both for the total
region 2, and for the remaining "+'" regions, cited in Table 4, there is
no superposing of the p1-py intervals with their values for the 2 _ re-
sion and the remaining "~" regilons. These data make it possible to assert
that the conditions for the formation of precipitation over the territory
of the "+" regions differ greatly from the conditions over the "-" re-
plons. In actuality, if it is assumed that the observed distribution of
centers of precipitation is random, and not due to any local effects, then
the p value for the entire territory of the EMP is equal to 0.41 and falls
in the confidence limits pj = 0.35 and p2 = 0.47 (Table 2). Comparing
these values with the values in Table 4 for individual regions, we see that
in this case as well the confidence limits py and pp for all the "+" re-
gions fall for the most part above their values for the entire area of

the EMP, but for "-" regions -- lower.

Now we will discuss the problem of the stability of the influence of local
factors on the formation of precipitation over the territory of the EMP
with time. For this purpose we determine the values of the p parameter

and its confidence limits for the total regions of precipitation by months
on the basis of the data in Table 3.

According to Table 5, the value of the p parameter experiences relatively
small changes with time both for the 2 4 regions (from 0.75 to 0.92) and
for the 2 _ regions (from 0.05 to 0.33). At the same time, the intervals

P1-pp for the regions i_,_ and }_ do not overlap one another for the per-
lod June-August. Therefore, it can be assumed that for these months there
is a well-expressed and constant influence of local factors on the condi-
tions for the formation of precipitation in the territory of the EMP., A
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somewhat more uncertain problem is that of the existence of such an influ=
ence in May, since the pi=-pp intervals For the Z,+ and ¥ . reglons overlap.
It 18 possible that the reason for this uncertainty is the extremcly small
number of observations of centers of precipitation for the 24 region,
which is caused, as mentioned above, by the relatively small "breakdown"
of the precipitation field in May. Thus, the data in Table 5 make it pos=-
sible to aysume that the local factors exert a constant effect on the con-
ditions for formation of precipitation in the territory of the EMP during
the entire period of modification of convective clouds (May-August).

Table 5

Values of p Parameter and its Confidence Intervals pj and p by Months for
Total Precipitation Regions for 1966-1970

S, P
Mecsu 1 -
alm]| p]np P nlm | oo | m
G 6 |033]013] 0,58
\ AR RS F AR
4 Mions 12 { 1 |ou2]0.62] 0,9 22 | 3 |0,141003] 0,36
5 Asryer 15 ] 12 (0.8 [0.52] 0,9 2 | 1 o.osio,m 0,29
Rey:
1. Month
2, May
3. June
4. July
5. August

Now we will make an attempt at a qualitative examination of where the sources
of modification for the formation of precipitation should be situated in
the territory of the EMP,

The regions I, and II; are adjacent to the territory of Krivoy Rog and it
is natural to assume that specifically the peculiarities of a large indus-
trial city exert an influence on the formation of precipitation. The influ-
ence of such cities on clouds involves, primarily, first -- the initiating
cffect of the heat island over them with ascending currents in the limits
L0~40 cm/sec, and second -- the effect of an increased content of condensa-
tion nuclel in the air [7, 11]. Therefore, it can be assumed that the rea-
son for the formation of precipitation regions I;, IIy and II1, is the in-
fluence of Krivoy Rog.

The existence of extremely large gradients of the quantity of precipitation
for a month and for a season and the small values of the mean monthly sums
(about 30 mm) in the regions of an increased quantity of precipitation is

= the basis for raising the question: is there a redistribution of precipita-
tion over the territory of the EMP during the warm season of the year?

34
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Is the increase in precipitation near large eities not accompanied by a
decrease {in precipitation at some distance from these cities] If there

are reasons for the more frequent and more intenslve resolution of cumilo=
nimbus c¢louds near cities, this 18 responsible for a decrease In the num=
ber of cases of thelr resolution at some distance From the clties. 1f this
hypothesis {3 true, then prior to artificial modification during the warm
season of the year the following problem arises: accomplish modification
In such a way to eliminate, insofar as possible, the unfavorable influ-
ence of a clty on the distribution of precipitation near it.

In conclusion, I wish to express apprecfation to M. V. Buykov, A, V. Levin
and B, Ye, Flshman for useful discussion of the work.
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UDC 551.509,615:535,361.,1
INCREASE IN THE VISIBILITY RANGE OF LASER BEACONS IN A FOG

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 31-42

[Article by Candidate of Physical and Mathematical Seiences 0. A. Volko-
vitskiy and Vv, p, Snykov, Institute of Experimental Meteorology, submitted
for publication 20 March 1978)

Abstract: This paper gives the results of an inves-
tigation of the intensity of scattered radiation of

a HeNe laser propagating in a droplet fog with its
evaporation by the coaxial beam of a €02 laser. Dur-
ing observation toward t'.. ray it is noted that the
evaporation of droplets in the affected zone leads

to movement of the zonr of maximum intensity of scat-
tered visible radiation in the direction of the ob-
server. The results of the experiments and computa-
tions were in good agreement. Expressions are deriv-
ed which make it possible to establish the correla~-
tion between the intensity of a CO2 laser and the
range of movement of the zone of maximum intensity

of scattered radiation of a HeNe laser. It is shown
that for a substantial (by several times) increase in
the range of detection of a laser beacon under the
conditions prevailing in a real fog it is necessary
that the radiation power of the CO2 laser be several
tens of kilowatts.,

[Text] At the present time there has been extensive development of optical
. systems for signaling, transmissfon of information and navigation based on
use of laser radiation. A serious limitation for the use of optical systems
operating through the atmosphere is the presence of fog and clouds. The de-
tection of signal lights and orientation by ray in fogs and clouds are made
quite difficult or become impossible since over a quite extended path the
radiation energy can be virtually completely scattered by cloud elements.

In order to increase the range of detection of a light ray in fogs and
clouds the authors of (2] proposed a method based on the fact that beams of
visible and infrared radiations (suck as that of HeNe and CO2 lasers) are
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coaxlally divected toward the observer, As a result of the eoffect of IR
vadbat ton o Hght eay Tu slightly seattered fu a “cloared" zone and be=
vomes vigible ag a redult of aerosol scattering at a distance where the
evaporation of c¢loud elements decreases,

We will examine the laws of change in the intensity of sounding radiation
scatteted in the zone of effect of a beam of €0y laser and we will evaluate
the possibility of a substantial Increase in the visibility range for laser
beacons In a fog on the basis of scattered light.

Yormulas for Computing Sounding Radiation Scattered in Affected Zone

The intensfty of the radfation of a HeNe laser scattered by an elementary
volume AV of a homogeneous cloud medium with an attenuation coefficient
@, at the angle 8° to the direction of propagation of radiation, regis-
tered by a recelver sftuated at the distance | from the boundary of the
medium (Fig. 1), in the single scattering approximation can be evaluated
uging the data in studies [6, 8, 12].

The expression for the intensity of scattered radiation Ia (€°), normaliz-
ed to I'ang, taking into account attenuation along the ray path to the scat-
tering volume A V and from AV to the observation point can be written in

the form AV
,) (60’ , ‘oo) —a, (X* _z‘l"") i o %) £ ?
— J ) T sIn 4% [ sin20 )
N =4, e ’ sin 7 (l t d, (1)
] L4 0

where £(8 °)/4n is the normalized scattering function for radiation in a
homogeneous cloud medium; .
i
(4 ﬂw‘)
=

n
is the angle of divergence of the ray of a HeNe laser.
_ z'

. 4
AN .
0 ey AN LY
i X,

N (4
d =) S Ll
”, &ﬂw, P
¥

. |

x N\
> N
do,
— 3 81 dn
L
_ Fig. 1. Schematic representation of arrangement of sounding ray and radiation
detector.

In the affected zone the microstructure of the cloud medium is inhomogen-
cous. In order to determine the field of scattered radiation in the neigh~
borhood of the beam of a CO2 laser it is necessary to take into account the
laws of change of microstructure caused by the exposure,
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An approximate expresslon for determining the radiation intensity of a HeNe
laser, ‘Scattered in the "elearing" zone formed in a homogeneous droplet
cloud medium by the continuous radiation of a €Oy laser t Avis (0 9), can be
written using an analytical deseription of the laser action process examined
in {3] with the following assumptions. We will assume that the ratio of the
transverse dimensions of the clearing zone dg and the diameter of the sound-
ing ray d % g 18 such that the microstructure of the medium within the limits
of the transverse section of the sounding ray is uniform and we will assume
that the optical scattering section under the influence of the COy laser
radiation changes due to a decrease in the size of the droplets although
their concentration remains the same. Then the expression for Iy yig€@°)/
Iag will have the following form:

£

i -——ﬂf a, (X', 2) dx’ —a 2
_,L;m =a,( ’z),':o;) ¢ Yo sino°sln’20*’><
s
! (2)
[ A4
X o .
’l
=
(8 = vig] Y

and fyjg(0 °)aw 18 the normalized scattering function of radiation in the
affected zone; z is a coordinate determining the position of the sounding

ray In the beam of a 007 laser (with coincidence of the axes of the Leams
2 = 0),

On the basis of (1) and (2) 1t is possible to write an expression for the
ratio of intensities of the radiation scattered by this elementary volume
after and before the action of radiation by a COy laser.

5, (%) _ a2 Lo () A= (2)

e T T e fw ¢ (3)

£
where as, (2) = t‘o -1t (2)= a,qx --df a, (x', 2) dx'.

The values %A (x, z), Ta(z), Aty (z) entering into (2) and (3) can be deter-
mined using formulas [3, 4]

( 9 (2) ) 5,0

e 3 -1 e-. 3

Y (@)=L

— +
ke ey, X (4)
. ry
L2t a2y, %ﬂ 142 3
L2
a (x, 2) = u —
l+(¢°(’)—l)e~"o"°‘]/
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where thie thermal effect function is

0 (z2) = —G wt (2.)]:
(2) m[l + etf (’u )], (6)
. w o _Ryurd
" Ve )

ere 3 Adipy
=

{T = heatj p = scat] L is the heat of evaporation; Py is the intensity of
the €O laserj ry is the radius of the beam of the €0y laser at the inten~
sity level T = Ipee-ly A? = 24103 em~1; v 13 wind veloeity; A ac Pscat
are coefficients taking into account the energy losses of the Bﬁz lager

in heating of the surrounding medium and scattering of radiation by a drop~
let wedlum; Rpp 4s the mean square tadius; p- 18 the parameter of gamma dis-
tribution of droplets by sizes. For Tg = 293 K, I = 100 W/em2, Ryy = 5+10~
cm, ﬁ heat & 0.75, Bscat ~~ 0.6,

The normalized scattering functions (@ °)/4m and £,,.(6°)/4r for the in-
{tial microstructure of the droplet medium and the droplet medium in the
affected zone can be found from tables or graphs with known droplet dis-
tribution parameters Ry and | . The Ry values in the affected zone can be
computed using the formula

Z R‘) (x' :) = Ren

[FEM
Le 0y "“'n'x‘,"] ! (8)

derived from (5) with the assumptions made concerning the optical section
on the basis of obyious considerations.

Table 1

u ‘ A IR..HKM
. m

2,0 | 64 2,0
2,51 40 1,6
3,01 2 1,4
40| 17 | 1,2
5010 12 1,1

In carrying out the computations it is not entirely convenient to use a
araphic or tabular representation of £(8°)/4rr as a function of micro-
structure. In this connection it 1s desirable to find an approximation of
the dependence of £(0°)/4n on R2. A satisfactory approximation of this
dependence for small observation angles with Rp<7um is the function

- (9
S (6° = const) __ Ry \2 R,
=) e
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in which the constunts A and Ry can be selected in dependence on the ob=-
servation angle and the parameter P« For p= 6 the A and Ry values are
siven in Table 1.

The error in computing the function using formula (9) in comparison with
the precise value in the range of change of radii 1.5<Ry< 7 m does not
exceed 10-157,

Results of Experimental Study of the Scattering of Visible Radiation in
the Neighborhood of a €0» Laser Beam

Since the formulas for evaluating scattering in the neighborhood of the
zone affected by radiation were derived with important assumptions, an
experimental study was made of their applicability.

The experimental apparatus was assembled in an aerosol chamber (1] in ac-
cordance with the scheme presented in Fig. 1. As the source of effective
radiation we used a €0y laser with a power Pg 500 W with a beam diameter
dp*1.5 cm and as the source of sounding radiation we employed a HeNe
laser, type LG-38, with a beam diameter d AQ® 3 mm. The axes of the

beams were matched; the length of the path was § = 13.4 m, At the end of
the path (point C) there was a detector of sounding radiation registering
the result of this radiation. A detector of scattered radiation was mounted
on a moving platform moving perpendicularly to the x-axis (point B) at the
angle 0° = 5° tg the axis. By means of a change in the distance z] it was
possible to achieve a movement of the scattering volume AV along the x-
axis. As the detector of scattered radiation an FEU-69 apparatus was em-
ployed. The direct radiation was registered using a FD-24K photodiode
(point C). The photocurrent from the radiation detectors, after amplif-
ication by logarithmic amplifiers, was registered by a multichannel auto-
matic recorder. The angular aperture of the detectors did not exceed 6';
this made it possible to measure the coefficient of radiatfon attenuation
with a sufficlent accuracy [7]. The total error in determining %29 did not
exceed 97 when 0(30 = 0.1 and 1% when X2 = 0.8 m~1, Measurements of scat-
tered radiation were made in a broad range of change in the attenuation co-
cfficient, whose value attained “Ao = 0.7-0.8 m~1, As demonstrated by
investigations of scattering of radiation in an optically dense medium (9,
10], with values o, > 0.4 m~l the contribution of multiple scattering to
the total radiation ?lux could become substantial. In addition, an inter-
ference in the registry of low levels of scattered radiation was the back-
sround caused by "outside" illumination of components of different measur-
Ing apparatus. The contribution of multiply scattered radiation to the
total flux of registered radiation, generally speaking, can be computed,
but, as experience has shown, one variant of computations of the field

of multiply scattered light by the Monte Carlo method takes about 100 hours
on an M-220 electronic computer [11]. This makes such computations undesir-
R able 1n routine work.

In our experiments allowance for the influence of multiply scattered light
and the background from sources of extraneous irradiation was made by di-
rect measurements of the scattered irradiation by the receiving system,
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- on which the flux of singly scattered laser light was not incident. In the
computations we assumed a ratio of the light fluxes

Pl. ",.lv —~ pl M ("9) pl h
ATTTTR, P (10)

v "

[MIN = meas; & = back(ground))] where Pae 4(0 °) 18 the radiation flux
registered by the detector at the point By Pay,.k 18 the flux of the
background of multiply scattered light and "outside" irradiation; Pag
{s the light flux of a HeNe laser, used in the experiment (Pag= 5+10~2
W).

The contribution of the P Ay, k/PAg value to the ratio of the fluxes
A mcsg(a °)/P 2 began to be manifested significantly when P paek/P A o
- <107 (with values #an 0.4 m=1), The background value was P2 =
; 0 back
(2.2-3)-10"11 w.

For comparing the experimentally measured fluxes of scattered radiation
with the computed intensity values it 1is possible to use the expression [6]

tn S o
P () ) Sis (l + m—) sin
Py -~ h Gy an
° " Six('*“‘?}BEWT‘)

vhere

— 4 dw, u d.
Pn = (";“) = 7-

is the fleld-of-view angle for the receiving objective; Aafn is the solid
angle of the field of view receiving objective; f is its focal length;
di{ is the diameter of the field diaphragm;
T X
dxx=d),, (‘ + = )

"oy,

fs the diameter of the sounding ray at the distance x with a divergence
angle 12

' 5= (=)

and the intitial diameter dxgs Ady {s the solid angle of the sounding ray;

24,
S'__r’_‘ 3

is the cross-sectional area of the sounding ray at the distance x; Sy, is
the area of the projection (at the angle ¥ n) of the field diaphragm onto

the ray.

The scattering volume AV, entering into (1) and (2), formed by intersection
of the two cones, has a complex configuration. However, under the condition
that the effective dlameter of the receiving objective dnz; exceeds the ray
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diameter dAx and on the agsumption that d Ay and dyp, Vary little within
the AV Umlts, the seattertag volume can be  computed approximately using

the formula
AV= .r;_d'fx d’"v (12)
=T8T sineee
where — N
d’"n - d"(l T e )’

4

dy is the dlameter of the recelving ohjective.
We note that the AV value, computed using formula (12) with 6° = 90° in

the most unfavorable case, when day = dnzps will excend the A V value
found using the more precise formula AV =72/3 d3;\ x bY less than 18%. When

the error in computing AV will not exceed 5Z.

B= vi

a)

10°?

10

] J
0 04 8 0 62 4% 86 thy 1!

_ 1&" 1 J ol 1

Fig. 2. Dependence of flux of radiation scattered at an angle 0° = 5°°on
tttenvation coefficient “x0. 1, 2) results of measurements of P, (6°)

A and szis(eo)/l’)\o respectively; 3, 4) computations under conditions
I and 2 respectively; a) x = 12.0 m; b) x = 7.4 m,

The measurements of scattered radiation in the neighborhood of the affect-

vd zone were made for several positions of the scattering volume under the

influence of a €O, laser beam on a "fixed" cloud medium in which a station-

ity state of clearing was established as a result of the convective current
43
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whileh arlsess The experlmentally determined dependences
by () Py )y P )
e D TR (TR s
’;,o n, L]

(B = vis] were compared with those computed using the formulas cited above.
Since the veloclty of the convective flow was not measured in the experi-
menits and since for computations of the thermal effect function O (z) it
- i necessary to know the velocity of movement of the medium, the v value
vas determined from a comparison of the experimentally determined dependence
of the degree of clearing Atyon ﬁ;\o and the computed value, A good agree-
ment of the results of change in Tapg from 1 to 10 was obtained with a
value v = 9 cm/sec. This v value was used in computations of the radiation
gcattered from the affected zone.

P,“{e‘)
Pa(6°)
o
8= vis !'1, 2, 3) experimental data with
x = 12.0, 7.4 and 5.0 m respect-
ively; 4, 5, 6) results of comput-
't ations for conditions 1, 2 and 3
5 respectively.
70
°
10°%- o1
. Ve
o 02
ﬁ xx X X J
10’ 2L . ' —
0 04 oy !

Fig. 3. Dependence of ratio of scattered radiation fluxes Plvis(e n)/
Py o ) on attenuation coefficient %xg for 6° = 5°,

Flgure 2 shows the results of measurements of fluxes of scattered radiation
" (0°)/Pag In the scattering volume AV without an effect with a correc-
tion for background frradiation and also the results of measurement of
PAyis(@°)/Pag as a function of AV with an effect in dependence on the
attenuvation coefficient ®ag for two values x = 12,0 and 7.4 m. As a com-
parison we will cite the results of computations of these same dependences

using the cited formulas. It can be assumed that a good agreement is obtain-
¢d between the experimental and computed data.
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igure 2 shows that as a result of the effect from the radiation of a €Op
laser on a droplet medium there is a considerable change 1in the dependence
of the flux of scattered radiation P A 1a(8°)/P A on the attenuation coef=
ficient Xape Whereas in a cloud medium without such an effect the flux of
scattered radiation with an increave in ®A( is attenuated in accordance
with Bouguer's law, in the affected zone to some “ap values there 1s a de-
crease In the flux of scattered radiation caused by a decrease in the op=
tical section under the influence of the radiation of a €02 laser, and’

then with an increase in ®a there is a greater, in comparison without
such an effect, flux of scattered radiation.

The dependence of the ratio of fluxes Payy (8°)/ps (0°) on the attenua-
tion coefficient “;\0 for three positions of the scattering volume on the
beam axis (x = 12,0, 7.4 and 5 m) 1s shown in Fig. 3. The figure shows

that the flux of scattered radiation from the affected zone increases by

2 or 3 orders of magnitude with the “%0 values, power of the CO2 laser and
peometry of the measuring system used in the experiments. It follows from
the cited data that by means of the effect of the radiation of the Co2
laser on the cloud medium there can be a substantial improvement in the
visibility of signal lights in a fog at considerable distances from the
radiation source.

Estimating Radlatlon Power of CO3 Lasers for Improving Visibility of Laser
Beacons

An analysis of equation (2) shows that the intensity of sounding radiation
scattered in the affected zone at the angle 6° attains a maximum value at

some distance xpax from the beginning of the path. The interrelationship -
between the distance xpax and the power of the affecting radiation can be
established from an expression derived after the differentiation of 2),

equating it to zero. This expression will have the form

N (2) -= @) Yo Xmax ]
2 tale —Ne o Ry(x)
a, (X) [—5‘ R | +

(13)

f; (0%, Xmas) -
fo (W, Apyy) =V

Using an approximation of the scattering function in the form (9), (13) can
be transformed to the form

s R 1o (14)
4 Qi 1R 1+ Q)P )

where

Q= (e 1) e T, (15)
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By means of replacing (1L + Q) = y3 (14) {8 reduced to a fourth-degree

equation ® .
(L R I N ST .
A v Y +yp; =0 (16)
Table 2
"""'"M y o=y 1| g,
. 3 1,785 4689 | 1545
- 5 1,625 aos7 | 1100
7 |1608] 238 | 114

An analysis of this equation shows that it has two fictitious and two real
roots, only one of which satisfies the condition of the problem. The values
of this root with 8° = 2° are given in Table 2.

Finding the roots of equation (16), from (15) we obtain a simple expression
relating Xmax and the thermal effect function & (z)

S a7

Su
T T

*Kinar = 7 o

where Sy 1s the meteorological range of visibility (Sy= 4/%x o), correct
for O(z)> 0.7,

In a case when O (z) D1, it is possible to write

Xmax = 4—{% [0 (z)~1In QI] 18

Graphs of the dependence of e(z) on Xmax are given in Fig. 4. The distance
at which there will be registry of the radiation scattered in the affected
zone, if I 415(60°) exceeds some threshold intensity Ithy, exceeds the
“max value. This distance xyog can be evaluated using the formula (if z; =
)
Xreg® Xmax * Xthr» (19)
vhere s [ (e=0, 6
x = Owu_  (We=1
thr 4T, In —T

Is found from the consideration that at the distance xihr from the source
the intensity of the radlation scattered in the fog without an effect is
dattenuated to Ighr. As an illustration we have given the results of com-
putations of several specific examples of a change in scattered visible

radiation propagating in the fog along an extended path in the zone of
B iaction of the CO2 laser.
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! 1
Xmax XM

Flg. 4. Dependence of thermal effect function on xpayx for different fog

microstructures for Sq =200 m, 1, 2, 3) Rpz = 3, 5 and 7pem respectively
(L= 6).
Table 3
a b % 3d
“lile|y el
(9 o Q’l@ <5
115 210 2,5 | 1593
2125 51]0 b} 1274
3 132,50 13 {1074 25| 245
4065 [13]107% 5 490
Key:
a) kw
- b) rad
c) kW/em
d) Wem?

Now we will examine the change in the patterns of scattered radiation
from the beam of a HeNe laser caused by the effect of €0y laser radia-
tion on a fog, whose optical density is characterized by a meteorological

range of visibility Sy =200 m ("‘)o = 0.02 m~1) on a path with the
47
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length = 2 km with a wind velocity 1 m/sec at a temperature T° = 20°C,
We will assume that the microstructure of the fog 1s characterized by a
gamma distribution of droplet sizes with the parameters Rpp = 5um, W =
6. The computations are made for a case when the observer moves parallel
to the ray at the distance zj} (see Fig. 1) and registers the intensity of
scattered radiation at the angle @ ° at the distance x + Zl/tg f°, We
select the angle of ray observation quite small, such as 4 ° = 2°, since
in the case of small observation angles the increase in the intensity of
scattered radiation as a result of an increase in the function £(0°)/4wm
exceeds the attenuatlon of scattered radiation at the distance AB = z1/
sin 0° from the scattering volume to the observer. The specific Py and dg
values for the nondiverging (¢ = 0) and diverging beams (the divergence is
assumed to be close to the diffraction value), used in the computations,
are cited in Table 3.

The parameters of the sounding beam are selected in such a way that the
diameter d a, is much less than dg, divergence does not exceed the dif-
fraction level and the intensity Ia 1is equal to 1 W/em%., Under these
conditions in the first example Pa = 0.1 W and dag = 0.36 cm; in the re-
maining cases P, =1 W and d‘ko = 1,13 cm.

A laser ray can be detected from sirgly scattered radiation if its inten-
sity at the observation point exceeds the background level caused by out-
slde irradiation and multiply scattered radiation, and also exceeds some
threshold illumination which can already be discovered visually or using
an instrument. In computations of the intensity of scattered light, in

(1) and (2) we assume ¥, = 6', which corresponds to the mean angular
resolution of the eye. We will not take into account the background irra-
diation, which in principle can be eliminated using interference (constant
background) and polarization (multiple scattering background) filters, and
we note that the threshold illumination for a red color, clearly distinguish-
able to the eye, applicable to the conditions for nighttime signaling in
aviation and navigation, is Itpy = 6+10-14 w/cmz, and the absolute light
threshold is Ippy = 3-10-16W/cm? [5].

Now we will examine the conditions under which the ray of a HeNe laser will
be observed in the neighborhood of the affected zone. We will assume that
the observer is situated at the distance z] = 10 m from the laser ray. The
results of computations of the ratios of intensities of the scattered radi-

ation
I,’Kver(e °)/17\(1'( = 0)65), I)(X, o °)/1 7\(X = 0, 90)

[B = vis] (left scale) and the intensities of scattered radiation Ixvyis

(2,8°) and I5( 1,0 °) (right scale) are presented in Fig. 5. It can be

seen from the graphs that with the selected geometry at a distance §= 600
m from the radiation source the observer ceases to distinguish the ray of
71 HeNe laser with the intensity Ixg=1 W/cm2 in a fog with a stipulated
attenuation coefficient (“AO = 0,02 m~Ll), The effect exerted on a fog
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1,(0,8%) | 1y(r, 6" 1,6, Ly (L6)on/em* 1y o2

1,(2=0,8°" 1, (x20,8") Bn vis
3 !
- m‘ﬂ
104 A
I
I
{104
106
o m‘?o
10" "
!
0 05 X XM
1 1 J

Fig. 5. Dependence of functions I, (x,8 °)/
In(x=0, 8°), Laver(x, 0°)/T a(x = 0,0°)
(left scale) and intensity of scattered radia-
tion I, (L, 0°), IAvyer( 9,, 0°) for z] = 10
n (right scale) on x, ! respectively. 1-4) same
as in Table 3; 5) Pg = 0, 1) threshold intensity
for red light applicable to nighttime signaling
conditions in aviation and navigation; II) abso-
lute 1light threshold.
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when the wind veloelty 18 1 m/see in the case of the heam of a COy laser
with a power of 32,5 KW, dg = 13 em, ¢ = 10”4 rad makes ft possibie to move
this level of the intensity of scattered radiation to the distance § + 1,100
m (Fig. 1), A better effect is attained using the beam of a COp laser with

a4 power of 65 kW with the same divergence or using a nondivergent beam with
a power of 25 kW () = 1,500 and 1,900 m respectively). The computations

dhow that at the distance where scattered radiation begins to be discrimin=-
ated the intensity of the direct etfect of sounding radiation is reduced

to gafe 1limits,

The time in which a statlonary state of fog clearing is established, lead-
Ing to an {mprovement in the visibility of laser beacons, can be estimated
using the expression t = dp/v. In our examples it will not exceed 0.13. It
therefore follows that a considerable (by approximately an order of magni-
tude) decrease in the mean intensity of the effective radiation can be
attalned by the use of pulsed sources with a pulse length t= 0,15 sec and
with a pulse duty factor of about 1.5 sec.

Changes in the distance z) from the laser ray, observation angle and geo-
tietrical parameters of the receiving system, attenuation coefficient *a
and other parameters lead to different quantitative estimates. It must be
noted that a decrease in the temperature of the medium and an increase
In wind velocity, all other conditions being equal, cause a decrease in

) the effect from the radiation. An increase in the intensity of the radia-
tion necessary for compensating the influence of these factors is easily
estimated from an analysis of the expression for the thermal effect func-
tion, from which it follows that with 8(z) = const the effect will be
identical,

The results of computations of the intensity of scattered radiation in the
_ neighborhood of the zone affected by the beam of a €07 laser, cited here,

indicated the fundamental possibility of increasing the range of detection

of laser beacons in a fog on the basis of scattered radiation by the method

proposed in [2). The formulas derived in this study make it possible to

make the necessary evaluations of the intensity of scattered radiation

for other meteorological situations and for the parameters of beams of CO7

lasers, which can be used for increasing the effectiveness of specific laser
navigation systems,

The authors express deep appreciation to A. F. Nerushev for useful discus-
slons and A. G. Petrushin for computations of the scattering function.
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UDC 551.(513.2:510.534) (215-13)

SPRING RESTRUCTURING OF THE TEMPERATURE AND PRESSURE FIELD IN THE
SOUTHERN HEMISPHERE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 43-49

(Atticle by Candidate of Geographical Sciences L. A. Uranova, USSR Hydro-

meteorologlcal Scientiflc Rescarch Center, submitted for publication 17
March 1978

Abstract: A study was made of restructuring
of winter cyclonic circulation to summer
anticyclonic circulation in the southern

- hemisphere stratosphere. On the basis of an
analysis of pressure pattern charts for the
50, 30, 20 and 10 mb surfaces and spatial-
temporal sections constructed using data
from aerological and rocket soundings it
was possible to determine the date of the
restructuring. The results of the analysis
indicated that for the most part the restruc-
turing of the temperature and pressure field
in the southern hemisphere stratosphere oc-
curs the same as in the northern hemisphere.

[Text] During the last decade a rather great number of studies have been

devoted to an investigation of the processes of restructuring of circula-
tion in the northern hemisphere stratosphere [1-11]. In these studies the
ituthors for the most part proposed qualitative characteristics for deter-
mining the dates of restructurings of the temperature and pressure field

in the stratosphere. As the date of the restructuring it is customary to

use the day when the spring stratospheric anticyclone was to the north of
the cyclone and vice versa, when the anticyclone was to the south of the

cyclone in autumn., In addition, the author determined the dependence of

the seasonal restructurings of the stratospheric temperature and pressure
field on different factors.

Tn [8] the author found the dependence between restructuring of the tem-
rerature and pressure field in the atmosphere and restructuring of the
f{eld of total ozone content. The gradient JZAO—p’ obtained by D. A.

51

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FFOR OFFICIAL USE ONLY

Ped' (4], was used as a characteristic of the testructuring. Under the
influence of an intensive influx of solar radiation, after the winter
solstice there I8 a restructuring of the field of the total ozone con~
tent, and then the stratospheric temperature and pressure fleld begins
to be regtructured,

As 18 well known, after the winter solstice an intensive flux of UV radi-
ation is incident on the upper boundary of the stratospherc in the south-
ern part of the temperate latitudes (30-40°N); under its influence, as a
result of photochemical reactions, a marked increase in the quantity of
ozone begins. First the ozone increases in the stratopause region, and
then lower. Naturally, this leads to a temperature increase in the strat-
osphere. This, in turn, changes the geopotential field and first causes a
weakening of the westerly winds prevailing before this and then their re-
placement by easterly winds,

An analysis of charts of stratospheric levels (50-10 mb) for a 20-year per-
fod indicated that usually the spring restructuring begins with the ap-
pearance of a small heat region at 30-40°N along the shores of North Amer-
ica in the Atlantic Ocean or along the shores of Japan in the Pacific
Ocecan or at the center of Eurasia at the isobaric surface 10 mb. Then

this focus begins to be displaced almost strictly to the north and after
several days enters the polar basin. This is followed by pressure field
transformation. Incidentally, the relationship between the movement of
heat foci and foci of growth of the total ozone content was already noted
in an analysis of stratospheric winter warmings in [7]. It was noted

there that first a region of increase in the total ozone content is formed
and then a region of a temperature increase.

Unfortunately, for altitudes greater than 30 km there are still no suffic-
iently good temperature data for the hemisphere that would make it possible
to trace the movement of heat foci.

There are very few studies devoted to an investigation of the seasonal re-
structurings of the stratospheric field in the southern hemisphere. E. Far-
kas [10], in an analysis of variation in the total ozone content in the
course of the year at different latitudes, relates these data to the similar
temperature variation at the isobaric surfaces 100 and 50 mb., These data
wvere used In computing the 5240-85 values for 03 for each month over a
period of 10 years and were used in this study for determining the mean
times of restructuring the field of the total ozone content. The mean
monthly 5240- values for the isobaric surface 10 mb in the southern hemi-
sphere were taEen from charts constructed by L. A. Zhdanov for a four-year
period.

A joint analysis of the monthly distribution of J240_p values for ozone and
geopotential Hig for the southern hemisphere with the 2 40-p values for
the northern hemisphere (Fig. 1), plotted on the graph from ?11], indicat-
ed that restructuring of the field of total ozone content in the southern
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hemisphere, the same as in the northern hemiaphere, occurs sooner than
the restructuring of the geopotential field at the isobaric surface 10
mbe The same as {n the northern hemigphere, the change In circulatfon at
Lthe Hip surface begling when the regtructuring of the ozone fleld has al=
ready occurred, that ls, when $2 40~p03 = 0,

160
720
a0

40

- ~80t

Fig. 1. Mean long-term 5240_ values and geopotential Hyg for the south-
ern hemisphere (1), southern ﬁemisphere (2), total ozone content in the
northern (3) and southern (4) hemispheres.

It must be noted that the time interval between restructurings of the ozone
lteld and geopotential Hig (At) in the southern hemisphere (Table 1) in
both spring and in autumn is greater than in the northern hemisphere. The
spring restructuring of the geopotential field occurs more rapidly (22

days) than the autumn restructuring (56 days), whereas in the northern hemi-
sphere, on the other hand, the spring restructuring is considerably longer
(46 days) than the autumn restructuring (18 days). It is also interesting

to note that the spring restructuring in the northern hemisphere (Table 1)
and the autumn restructuring in the southern hemisphere occur almost at

the same time (February-March).

The autumn restructuring in the northern hemisphere occurs two months earl-

fer than in the southern hemisphere. The fact that the spring restructuring
of the temperature and pressure field in the southern hemisphere stratosphere
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vecurd on the average twlce as fast as In the northern hemlsphere can evl-
dently be attributed only to the influence of the underlying surface. This
fs Indicated by the data in Table 2, which shows the duration (in months)
of cyelonte (S240-p>0) and anticyclonic eirculation (£249-p < 0) in the
stratosphere of both hemispheres. The duration of cyclonle eirculation fn
the southern hemisphere is not much greater than in the northern hemi-
sphere, whereas the differences in the 11fetime of the [leld of the total
content of ozone of the same sign are very great. For example, whereas the
minimum in the northern hemisphere polar busin (5240_)> 0) persists for

6.5 months, in the southern hemisphere it ls observed'over a period of 9
months. As 18 well known, the amplitude of the variations between the maxi-
mum and the minimum in the total ozone content in the annual course is less

than in the northern hemisphere.
Table 1

Mean Times of Onset of Seasonal Restructurings

1 | Cenephoe noaywapie |R10xmnoe noaywapue
= x
Aoy [Amy| 3} Ao, (A, | =3

E: 4

L 0J 281 [151V) 46 i3t xll 2
L f1ovmj2ix| s fan x|v| 56

ut :
Note: Dgpr and D, are the dates of the spring and autumn restructurings,

DOJ is the date :?lrostructuring of the ozone field, DHy g is the date of
restructuring of the geopotential field at the isobaric surface 10 mb,

AT {s the time interval between restructurings of the ozone and geopoten-
tial fields. 1) Northern hemisphere; 2) Southern hemisphere; 3) days

All this taken together is evidently the reason for the rapid spring and
delayed autumn restructurings of the geopotential field in the southern
hemisphere.

How having an idea concerning the mean times of seasonal restructurings
of the temperature and pressure field in the stratosphere in both hemi-
spheres, we will proceed to an analysis of the spring restructuring in
the southern hemisphere in 1977. For this purpose, during the period of
the 19th voyage of the "Akademik Shirshov" scientific research vessel we
constructed pressure pattern charts for the 50-, 30-, 20- and 10-mb sur-
faces for the southern hemisphere for November and in part for December,
charts of the trajectories of movement of the centers of cyclones and
anticyclones at these levels and the spatial-temporal sections for both
temperatures and winds from 5°N to 50°S along 95°E and from 20 to 50°S

along 65°E.
The spatial-temporal section along 95°E from 30 to 50°S for the period 11~

19 November 1977 indicated that in the entire thickness of the strato-
sphere, from 22 to 45 km, where the stratopause was situated at this time,
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there were easterly winds, This indicates that the restructuring of the
stratospheric temperature and pressure fleld at these latitudes over the
[hdian Ocean has already occurred. Above the stratopause, in the meso-
sphere, at an altitude of 50-56 km at 40°S westerly winds with a veloceity
of 20 m/sec were already observed on 13 November. On 16 November westerly
and southwesterly winds with velocities up to 15 m/sec were observed at
45°8 already at an altitude from 56 to 59 km, whereas at 50°S westerly
winds occurred only above 65 km. Thug, the boundary of the westerly winds
roge at the rate of 2 km/day. It can also be seen in this section that at
an altitude of 30 km at 40°S from the beginning of November there was a
temperature =40 - =45°C, whereas during winter the temperature at this al-
titude here drops to =60°C. The spatial~temporal section along 65°E from
30 to 50°S and back from 25 November through 3 December also indicated
that in the entire stratosphere and mesosphere there were casterly winds
In this reglon and accordingly a spring restructuring had already occurred.

Table 2

Duration (in Months) of Positive and Negative
40-p Values of Field of Total 03 Content and
Geopotential Field Hjg

- Ccnepnoel‘ O xHoe
noaywapne| noaywapue

Q i o o (=]

A v A \"

o ; i

c? c? o c?

7 Hol 75| 45| 8| 4
0, 6,5} 55 K|

Key:
L. Northern hemisphere

2. Southern hemisphere
3. surf

Unfortunately, a small delay in departure on the voyage did not make it pos-
sible to trace the entire restructuring process because it began at the very
beglnning of November, as is indicated by the pressure pattern charts 50-10
nb for the southern hemisphere, constructed and analyzed during the 19th
voyage of the "Akademik Shirshov" scientific research vessel.

As in the northern hemisphere, the spring restructuring in the southern hem-
isphere began with the formation of heat foci in the subtropical zone (Table
3). The data in the table do not give a complete picture of movement of heit
foci toward the pole, but on the basis of these data it is pcssible to ob-
tain a general idea concerning this. For example, during the period 6-9
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November foel with a temperature =40 = =44°C appeared In different reglons
of the subtroples (23-25°3) at the isobaric surface 10 mb, and already on

11 November a focus with a temperature =31°C was observed along the shores
of Antarctica. On 27 November, at the altitude of the isobaric surface

20 mb, a heat focus with a temperature =20°C was traced at Amundsen-Scott

station, that is, at the south pole.

Table 3

Maximum Temperatures at Stratospheric Levels in the Southern Hemisphere in
November 1977

oopantaty Koopamnat
1 |Koopanatel o ELITTIIE E WA | | ‘ 22 H306apit-| rovne
snepa- N eMnepa-
¢ | oxnan |noctonas| HeCKan Tvpa, e | woxnan nncvaunas| MeeKas Typa
B 7 mnpx:)ru, a0arota, nt(‘)(c’:f.p'\.é "o < | mmpory, .m.'lmml.‘ "'(‘)‘c’;‘EP-‘“‘6 °C
= opa opad y S| epad 31 epad X
5 3 94 ¥l 6 |7 . .
b 25 135 10 —40 17 69 40 20 --28
il 2 95 10 —44 17| 62 35 20 -39
8 30 95 10 —49 17 2 165 20 ~-37
9 23 165 i —44 18 66 85 20 -30
10 hE | 160 30 —42 18 69 10 20 ~28
11 G0 85 30 ~31 15 62 5h 10 ~36
12 66 110 50 -33 20 n 47 ' -4
13 GG 85 30 —20 |1 70 20 20 -J3!
13 37 95 10 —47 {12l 66+ 85 10 —28
13 25 135 10 —4] 21 70 2 10 ~=30
14 66 85 20 --20 27 67 142 10 —26
14 12 95 10 —45 27 90 — 20 27
16 0 25 10 -=2 28 69 10 20 —28
| (9 40 20 —31
Key:
1. Number
2. Coordinates
3. South latitude, degrees
“4. East longitude, degrees
5. Isobaric surface, mb
= 6. Temperature, °C
4 After movement of heat foci to the south, stratospheric anticyclones began

to move in this same direction from the subtropical latitudes: one from
the Indian Ocean sector, and the other from the Pacific Ocean sector lying
in the southern hemisphere. By 17 November, as shown on the map of trajec-
tories of movement of cyclones and anticyclones, at the 10-mb isobaric sur-
face (Fig. 2) the anticyclone of the Pacific Ocean sector approached the
shores of Antarctica (66°S, 170°E). At the same time, the center of the

clrcumpolar cyclone, rapidly filling, began to move northward and on 17
November was already at 65°S, 15°E. Thus, using the definition given in
- [1], it is possible to regard 17 November as the day of spring restructuring
of circulation in the southern hemisphere stratosphere in this year. The
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posltlon of the centers of cyclones and anticyclones (Fig. 2) for 9, 18 and
28 November 1977 reveals three stages in the process of apring restructur-
Ing of the gtratospherie temperature and pressure fleld. On 9 November the
center of the cdreumpolar cyclone (3020 dam) was sltuated at 85°8, 20°K.

Un 18 November the center of the eircumpolar eyclone (3100 dam) was already
at 65°8, 15°E, and on 28 November it was filled.

Fig. 2. Charts of trajectories of movement of cyclones (1) and anticyclones
(2) av isobaric surfaces 50, 30, 20 and 10 mb in November 1977. Southern
hemisphere.

In order to determine how the process of restructuring of the stratospheric
temperature and pressure field occurred at the isobaric surfaces 50, 30, 20
and 10 mb, for each day, from 9 through 28 November 1977 we computed the
values of the gradient 5340_p by the D. A. Ped' method [4]. A graph of the
distribution of 5240_p values during the indicated period (Fig. 3) indi-
cated that the restructuring began simultaneously at all four isobaric
surfaces, from 50 to 10 mb, and it occurred first and most rapidly at the
isobaric surface 20 mb. As is well known, the maximum of the ozone content

in {ts vertical distribution is situated, on the average, at the 20-mb level.
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Bt heglhmalng on 13 November the redtruetorlng process vecurred constder-
ably wore rapldly at the isobarie aurface 10 mb, whereas at all the re-
maloing surfaces 1t was considerably delayed. Thus, on 17 November the
restructuring occurred at the isobaric surface 10 mb and on 18 November
at the lsobarle surface 20 mb, At the isobaric surfaces 30 and 50 mb the
restructuring occurred on 27 and 28 November respectively, that is, when
at the isobaric surface 10 mb the anticyclone was already over the pole
and had many cloged isohipsgs. It must be noted that at the isobaric sur-
- face 20 mb, although the restructuring was noted on 18 November, up to the
27th the £2 40-p Values at all times varied around zero, and only after
27 November did gt finally occur.

Fig. 3. SZAO-p values at isobaric surfaces 50 (1), 30 (2), 20 (3) and 10
(4) mb in November 1977. Southern hemisphere. -

During this period the distribution of the total ozone content is unknown,
but on the basis of indirect data it can be assumed that the restructuring
of the ozone fileld occurred at the end of October.

- As a result of generalization of all the analyzed material it can be con-
cluded that in the southern hemisphere, as in the northern hemisphere, a
restructuring of the temperature and pressure field in the stratosphere
transpires after the restructuring of the field of the total ozone content.
The heating of the stratosphere caused by an intensive increase in ozone
leads to a change in the direction of the temperature gradient and then
a4 restructuring of the geopotential field. The spring restructuring of the
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stratogpheric temperature and pressure field begins in the layer of the ‘
- vzone maximum (20-30 km) almost simultaneously, but ends sooner at the
Lgobaric surface 10 mb than Ln the lower-lying layers.

In additlon, the spring restructuring of the geopotential fleld at the iso-
baric surface 10 mb occurs in the southern hemisphere twice as rapidly as
In the northern hemisphere, whereas the autumn restructuring in the south-
ern hemisphere transpires (according to mean values) three times more slow-
ly than in the northern hemisphere. This is evidently attributable to. the
influence of the underlying surface, that is, the difference in the dis-
tribution of land and ocean.

In the spring of 1977 the restructuring of the temperature and pressure
tield in the stratosphere transpired more rapidly than according to the
mean times and at the isobaric surface 10 mb had already occurred on 17
November; at the remaining lower-lying stratospheric levels it was 10 days
Later.
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RELATIONSHIP BETWEEN ATMOSPHERIC PRESSURE AND THE LEVEL OF THE NORTHWESTERN
PART OF THE PACIFIC OCEAN

Hoscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 50-55

[Article by Candidate of Physical and Mathematical Sciences S. S. Lappo,

A, V. Skripnik and A. B. Rabinovich, Sakhalin Multidiscipline Scientific -
Research Institute Far Eastern Scientific Center USSR Academy of Sciences,
submitted for publication 22 March 1978]

Abstract: The authors have made a joint anal-
vsis of two-month series of levels and atmo-
spheric pressure at five points on the Pacific
Ocean side of the Kuriles Ridge. The general
energy maxima at frequencies of 0.08, 0.3 and
0.65 cycles per day were discriminated. It is
shown that the "reverse barometer" law is sat-
isfied well for all stations, except one, where
the amplitude characteristic is considerably
greater than unity. A joint analysis of level
and atmospheric pressure indicated that low-fre-
quency disturbances are propagated along the
Kuriles Ridge to the northeast with a charac-
teristic velocity 50 km/hour. The phase shifts
in the reduced levels were used in computing

the wave numbers, which coincide well with the
first mode of continental shelf waves. -

[Text] It has been traditionally assumed that ocean level and atmospheric
pressure are related by the "reverse barometer" law. Numerous investiga-
tions carried out during recent years have shown that this law is well
satisfied for isolated island systems [12, 17], but at stations situated
at the continental boundaries there are strong deviations from it [13, 14,
15]. It is assumed by most researchers that the observed anomalies are re-
lated to the presence of continental shelf waves and other shelf effects
(effect of the wind on level in shallow waters, shelf resonance, etc.) [7,
8, 15, 16]. The actual phase shift between the reduced levels at different
sitations confirms the presence of shelf waves. It is unquestionable that
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they have a defintte relationship to atmespheric processes, although the

wechanism of this relationship remaing debatable. A study of reactlon of -
the level to changes In atmospherle pressure is of great interest from
the point of view of prediction of storm surges and spectral methods were
very offectlve here [2, 3, 10). A gpectral analysis makes 1t possible to
clarify the Interrelated elements, which in the future will be important
{n formulatlng physical models [12].

of

U7

- |

0 3K i)

- Fig. 1. Map of distribution of observations.

In this paper we make a joint analysis of two-month series of levels and
atmospheric pressure at five points situated on the Pacific Ocean side of
the Kurlles (Fig. 1) during August-September 1975. This region is conven-
lent for such an analysis for the following reasons: a) the Kurile Islands
are located in a zone of intensive atmospheric disturbances: cyclones pen- -
otrate from the west and typhoons, which are most frequent in August-Sep- i
tember, penetrate from the south; b) an elongated linear slope, makin, it

possible to check the hypothesis of the existence of shelf waves associated

vith atmospheric processes; c¢) a great depth in the neighborhood of the

ridge makes it possible in the first stage in the analysis to neglect the

influence of the wind; d) the poor study of this region.

In addition to the problem of the relationship between the observed and hy-
drostatic levels, the purpose of the study was a clarification of the prin-

- cipal energy-carrylng frequencies in the level and atmospheric pressure
gspectra and an examination of the spatial variability of different character-
[stics,

Method. In the analysis we used series with a discreteness of 3 hours. We

vliminated from the level series the 20 principal tidal waves (diurnal and

semidiurnal), computed flrst by the least squares mezhod [5]. In this pro-

cess we achieved o quite high quality of filtering of tides and at the same
3 62
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time there was no distortion of the nontidal frequencles. Subsequent spec-
tral analysly of the residual fluctuations demonstrated that in actuality

at the frequencles of the semldiurnal tides (2 cycles/day) there are no cx-
pliclt energy maxima exceeding the general nofse level. At the same time,
there are appreclable extrema at frequencles of about | cycle/day (Fig. 2A).
It is doubtful that thelr presence is associated only with tidal waves or
radiation effects which have not been taken into aceount. One of the possible
iypotheses explalning the existence of these extrema will be set forth below,

A gpectral analysls of the observations was made using the procedure of a
"fast Fourier transform." A study was made of the relationship between the
level and pressure at a single point and between levels, pressures and re-
duced levels at different points,

Proceeding on the basis of the difference in the spectra, the analyzed points
can be divided into two groups. For the southern group (points 1-3) there is
a characteristic coincldence In the level and atmospheric pressure spectra

- for all frequencies below 0.7 cycles/day. General maxima are discriminated at
the frequencies 0,08, 0.5 and 0.65 cycles/day (Fig. 2Ab). For the northern
nroup (4=5) the variation of the level spectra duplicates the correspor.ing
varlation in the spectra of atmospheric pregsure at the low frequencies. The
wain maxima fall at the frequencies 0.08, 0,33 cycles/day (Fig. 24a).

In the frequency range 0-0,7 cycle/day for all stations, and also in the
ranges 1.1-1.8 cycles/day for 4 and 1.1-1.4 cycles/day for 5, the coherence
between level series and atmospheric pressure falls above the 90% level of
significant coherence, which is evaluated using the formula {12]

8,
FIRR< xty =1 —(1—xy)? ',
D)

where R? is the square of coherence; n = 10 is the number of degrees of free-
dom of the equivalent distribution X2, used for computing the coherence
confldence interval, 1 - F {3 the probability that the square of coherence

of uncorrelated events exceeds x2. For F = 0,9 x2 = 0.44,

It can be assumed that the level variations at these frequencies are deter-
mined by the variation {n atmospheric pressure (Fig. 2B).

We will represent the level 72(t) in the high coherence region to atmospheric
pressure as a function at the output of a linear system to whose input is fed
atmospheric pressure Py at the time t - T

W(B) = Py(t—=) h(:) de+ub), (2)
|

where u(t) is the noise component at the output, uncorrelated with P,(t),
- h(T) is the "impulse" transfer function.
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"
The frequency characterlstic H(w) of the system can be evaluated using the
expreysion

A

A (¢} (w)

H (v) = =2 (3)
U,u (“’)

where G.p (W) 1s the evaluation of the ctross=-gpectrum of the processes " (t)
and P,(t); Gxx(ul) s the evaluatlon of the spectrum of the process Pa(t);
« i3 frequency.

It ls more correct to consider the level to be the signal at the output of

a tinear system at whose input, in addition to P5(t), the velocity compon-
ents or wind friction are fed (17], but also in the case of several inputs
(2) 1t is possible to obtain the unbiased characteristic of the system under
the condition that the inputs cannot be correlated [1, 6].

We will represent the frequency characteristic in the form
A : .
H (w) = | H (w)] &', (4)

vhere |H(a) ] 1is the amplitude characteristic of the system and A (o))
s the phase characteristic, that is, the phase shift of the process n (t)
relative to Pa(t) at the frequency & .

- Assuming that 'l{(a)) | =1, and Af (@) = I, in the entire range of fre-
quencies where the level variation is caused by the variation in atmospheric
pressure, we determine the limits within which the mentioned characteristics
mugt fall, without refuting this assumption. The formulas determining the
error in measuring the amplitude and phase characteristics have the form [1]

F=F|H(—1|<sing |3 (o) — 5| Ze| =1~

|—R: () 17
TSR {w) cosie '

(5

where F is the probability of finding the characteristics in the indicated
intervals, n = 10, For F = 90%

sine=0,25; e=15°
In all the {ndicated frequency range the difference in the phase character-
istic from 71 was less than £ (Fig. 2B). For values of the amplitude char-
acteristic exceeding the limits determined by formula (5) the confidence

¢valuations were computed taking into account the true coherence values
(Fig. 2B).

These computations show that for all the points, except point 4, the "re-

verse barometer" law is satisfied quite well. The high coherence between
the level and pressure at point 4 makes it possible to construct the

64

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAI, USE ONLY o

amplLtade charaetering e not only In the ranpe 0=0,7 eyele/day, as For the
- remalnlng polnts, but also In the range lol=1.8 cyelen/day, However, proe-

claely for this polnt the "reverse barometer" law Iy not satisfled == the

amplitude characteristlc in the indicated ranges considerably exceeds unity
- (Fig. 2B). The reasons for this are not clear. Pogsibly a decisive role is

played by its geographic position -= it is situated in the region of a deep-
water strait,

A
Ubtaining an inverse discrete Fourier transform of the function H(«w) we
obtain the weighting function h(?) (response function), that is, the re-
gression dependence of sea level at a particular moment on pressure at the
#iven and preceding moments in time. With a zero lag the barometric factor
for all the points, other than 4, has a value close to -1, For €>0 it tends

to zero. At the point 4 h(0) = -1.4,
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Flg. 2, A -- spectra of level (i) and atmospheric pressure (2) at points
4(a) and 2(b), B -- amplitude characteristics ar points 4(1), 3(2) and 5(3),
¢ == coherence and phase shift between atmospheric pressure and level at
points 1(a), 2(b), 3(c), 4(d) and 5(e).
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Flg. 3. A -- coherence and phase shift at level (1), atmospheric pressure

(2) and reduced level (3) between points 2-3 (a) and 3-5 (b), B -- disper-
sion curves of first and second modes of continental shelf waves, computed
for shelf -- continental slope of Kuriles Ridge.

Key:
1. rad
2. cycles/day
3. rad/km

For a study of the nature of propagation of low-frequency processes we carr-
ied out a joint analysis of atmospheric pressure, level and reduced level

S — s PNy
(n GESTORE=L

between different points.

At near-lying points there is a high coherence of atmospheric processes up
to a frequency of 1.2 cycle/day, and the level to a frequency of 0.7 cycle/
day and in the range 0.9-1.1 cycle/day (Fig. 3Aa). For remote points the

coherence between the levels, as between atmospheric pressures, is highest

at those frequencles at which there were maxima in the autospectra (0,08,
0.3, 0.65 cycle/day) (Fig. 3Ab). The higher coherence at frequencies 0-0.7
~ycle/day between pressures shows that the correlation radius in the atmo—
sphere is greater than in the ocean.
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On the basly of the phase shlfts at Frequencles 0-0.3 cyelo/day Lt was de-
termlned that atmospherle disturbances during the period of the observa-
tions wdre propagated along the Kuriles Ridge to the northeast at a rate
of aboUt'50 km/hour.

The coherence between the reduced levels for the most part falls below:the
90% confidence level, but there are definite extrema coinciding with the
atmospheric pressure extrema (for example 0.7 cycle/day -- Fig. 3Ab)."
Such a picture was also noted in a study by Mysak and Hamon [15], in which
it was postulated that these extrema are attributable to tt‘ presence of
continental shelf waves generated by atmospheric processes. In order 'to
Investigate this hypothesis, from [4] we took the dispersion curves of
the first and second modes of shelf waves, constructed for the real Kurile
shelf, and on these we plotted the wave numbers for those frequencies at
which the coherence between the reduced levels was sufficiently great (Fig.
3B). The wave numbers ki were determined using the formula

k=il (6)
where A x 1s the distance between stations. Coincidence with the first
mode was found to be quite good.,

The author of [11] has postulated, later experimentally confirmed in (9],
that the maximum in the energy of shelf waves must be expected at fre-
quencies where their group velocity becomes equal to zero. In our case

for the first mode this corresponds to a frequency close to 1 cycle/day;
accordingly, the extremum in the level spectra observed at this frequency
and the high coherence between the reduced levels (Fig. 3A) can be attrib-
uted not only to the presence of tidal residues, but also to the presence
of shelf waves at these frequencies. In this case the waves should have a
length of about 100 km and the distance between stations 1s too great for
an unambiguous determination of the wave number. In Fig. 3B we have plott-
ed the possible wave numbers, determined from the phase shifts at near-ly-
ing points (1-2, 1-3, 4-5),

Thus, a joint analysis of atmospheric pressure and level indicated their

intercausality up to a frequency of 0.7 cycle/day, and at point 4, also

In the range 1.1-1.8 cycle/day. The "reverse barometer" law is well sat-

isfied for all points, except for point 4, where the amplitude character-

istic is appreciably greater than unity. In the level and atmospheric pres-
: sure spectra there are general maxima at frequencies 0.08, 0.3 and 0.65

cycle/day.

A spatial analysis of the observations between different points demonstrat-
¢d that low-frequency disturbances of level and atmospheric pressure are
propagated aloug the Kuriles Ridge with a characteristic velocity 50 km/hour.
The zones of increased coherence in the reduced levels are possibly asso-
clated with continental shelf waves Propagating in the opposite direction.

[t is not impossible that the maxima in the level energy spectra at fre-
quencies of about 1 cycle/day are also associated with shelf waves.
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UDC 551.465.15
EQUILIBRIUM MODEL OF LANGMUIR CIRCULATION IN THE OCEAN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 56-64

[Article by A. A. Zelen'ko, USSR Hydrometeorological Scientific Research
Center, submitted for publication 29 March 1978}

Abstract: The paper gives the principal re-
sults of actual observations of Langmuir
clrculation., The author examines an equil-
ibrium model of Langmuir circulation based

on an approach developed for describing fin-
al disturbances in the case of hydrodynamic
Instability of flow. Within the framework

of this method the form of the disturbance

is determined from the linear theory and

the amplitude is found from the energy equa-
tion for final disturbances of an already
known form, which are written for an equil-
ibrium (in the sense of energy transfer by the
the final disturbances) state. The model re-
produces the principal characteristics of Lang-
nuir circulation, agreeing in order of magni-
tude with the experimental data.

[Text] The increasing number of observations made in the ocean is leading
to the conclusion that Langmuir circulation occurs widely, refuting the
long-held opinion that it is sporadic. The presence of powerful vertical
currents, created by this circulation, is an important factor for a whole
series of problems in ocean dynamics, and in particular, for understanding
the mechanisms of mixing and formation of the upper quasihomogeneous layer
in the ocean. Recent investigations indicate a correlation between Lang-
muir circulation and the wind waves and drift currents processes. An im-

- portant concept [10] is that Langmuir circulation is a connecting link
In energy transfer from wind waves (receiving the greater part of the wind
cnergy) to small-scale turbulence. The conclusion that Langmuir circulation
Is not sporadic requires caution in determining the representativeness of
weasurements of the characteristics of small-scale interaction between the
atmosphere and the ocean, since the circulation evidently leads to an im—
pairment in the horizontal uniformity of these characteristics, usually
a priori postulated.
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Usually Langmulr circulation is visually determined from the zones of con-
vergence of surface currents in which there is an accumulation of algae,
Loam or floating matter cast onto the sea surface and which, the same as
regular bunds of smooth water, characterlzed by an absence of ripples,
sometimes are called wind bands, Observations at sea have established the
principal characteristics of a Langmulr circulation, which here we will
simplytenumerate, without citing the corresponding sources, which are men-
tioned, for example, in the reviews [10, 18, 19] and in studies [2, 7, 16]:

L. In the upper layer of the ocean, as a result of the wind action (with
velocities greater than 3 m/sec), ordered eddy movements are formed which
are elongated in the direction of the wind, with an opposite direction

of rotation of the particles in adjacent circulation cells.

2. The spatlal scales of eddies are characterized by a considerable varia-
bility (from several to hundreds of meters) and intermittence: eddies of
different scales can exlst simulcaneously.

3. The velocity of descending flows in the region of the wind bands has a

characteristic value of about 5 cm/sec and as a rule increases with an

Increase in wind velocity. The transverse velocities of the currents at the
: surface have the same order of magnitude.

4. The longitudinal (relative to the wind) velocity at the sea surface in
the region of the wind bands (windrows) (zones of surface convergence)

is greater than between them, that is, zones of intensive descending move-
ments are situated under zones of maximum longitudinal current velocity

at the surface.

5. The time required for restructuring of the wind bands (windrows) at the
sca surface with a marked change in wind direction 1s 20-30 minutes.

0. The distance between the bands is approximately equal to the depth of
the upper quasihomogeneous layer.

7. In the northern hemisphere the axes of the eddies are deflected by some
angle to the right of the wind direction. According to experimental data
this angle is about 13°,

In addition to these properties, established in a number of experimental
studies, it is possible to note the following properties which are indi-~
cated only by individual observations or which are established on the
basis of indirect criteria:

8. The velocity of the descending flows exceeds by several centimeters a
second the velocity of the ascending flows.

9. The circulation cells are characterized by asymmetry: the centers of

the eddies are displaced toward the surface and toward the wind bands
, (windrows),
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10, 'there 18 lateral shifting of the system of longftudinal eddies at
velocleles up to 14 emfsec [L].

Any theoretleal model making a pretense at deseribing a Langmuir circula-

tlon must reproduce at least the most tmportant of the ment loned characetor s

tles of clreulation. We note that as test characteristics of this kind for

a4 model of Langmuir circulation the authors of (7] mention properties 1, -
4, 8; in place of 3 it is necessary to compare the comparability of the

velocitles of descending currents and drift currents.

In order to explain the Langmuir circulation a number of mechanisms have
been proposed (a review of the most important of these 1s given, for ex~
ample, in [10, 18, 19]. Despite their diversity, recently on the basis of -
experimental and theoretical results it has been possible to define a rel-
atively narrow direction within whose framework it has been possible to
formulate models taking into account the interaction of the surface waves
and drift currents processes. The basis for the priority in this direction
- has been given, in particular, in [7, 10, 18]. In our opinion, the mos: -
realistic description of the participation of these processes in the for-
mation of the Langmuir circulation is attained in models examining the
itydrodynamic instability of the friction layer in the ocean, in support
of which there are also additional proofs: first, the laboratory invest-
igations of Faller (8] and other authors indicate that the instability of
the laminar Ekman layer is manifested in the appearauce of longitudinal
eddy movements close in structure to a Langmuir circulation; second, ob-
servations at sea reveal the specific properties of a Langmuir circula-
tion (deviation of the eddy axis from the wind direction and lateral dis-
placement of the system of eddies), which are explicable from the point of
view of the mechanism of hydrodynamic instability of the friction layer;
third, new measurements of the parameters of longitudinal eddies in the
atmospheric boundary layer reveal an agreement with a model of an unstable
Lkman layer [5, 6, 12, 13, 17].

An important difference hetween the friction layer in the ocean and the at-
mospheric layer is the presence of wave movements. Allowance for surface
vaves leads to the conclusion that Stokes drift plays an important role

In the generation of a Langmuir circulation (7, 14-16]; therefore, in the
proposed model the effects of a Stokes drift are taken into account in the
hydrodynamic instability of the friction layer. The model is a development
of [2] and to some degree is intermediate between the Craik-Leibovich model
[7, 14, 15] and a model of an unstable Ekman layer [6, 17].

In order to take into account nonlinear effects in an examination of in-
stabillty of the friction layer it is possible to use two approaches to
description of the final disturbances. The first involves a numerical
solution of the equations of motion with a retention of the nonlinear
terms [11]. An alternative approach, based on the ideas of Landau [3], was
developed for a description of instability of some types of currents in
the studies of Stuart (for example [20]), and applicable to the boundary
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layer of the atmosphere =- In a study by Brown [6]. Within the Eramework

of this method the form of the finnl disturbance 18 determined from linear
theory, whereas the amplltude Is found from the energy equation for final
disturbances of an already known form. Adhering to this approach, in the
further exposition of the model we will first examine the procedure of lin-
carization of the equations, making it possible to compute the form of the
secondary movements in the friction layer; then we obtain the energy efua-
tion for an equilibrium state determining the amplitude of the secondary
lnovements.,

The equations of motion for the upper layer of the ocean are written in
the following form, henceforth using a right-hand coordinate system with
an X-axis directed along the wind and a Z-axis directed downward from the
the origin of coordinates at the free surface:

%+2QX""";‘VP+VAV+B‘R; (1a)

yv=0, (1b)

where ¥ is the coefficient of turbulent viscosity; the remaining notations
are those generally employed.

The main flow in the friction layer of the ocean will be represented in
the form of the sum

Von =V + V, (2)

[OCH = main; B = wave] of the velocity of the drift flow (vg), stipulated

by the Ekman model, and the wave part of the velocity field (vyave), which

is assumed to be stipulated in the potential theory approximation. We will

cite explicit expressions for (2) for a situation when two identical waves

are propagated at angles which are equal in magnitude but opposite in sign

to the wind direction (the two-dimensional wave spectrum is usually describ-
- ed by a function which is symmetric relative to the wind direction). In

this case, with displacements of the surface 4:1 = a cos(uext By ~dt),

caused by these waves, for the components (2) we’ﬁave the known expressions

Vo= (U, V. 0 = (Goe™*"™) { cos (—I— + ]/_Tz)

(3a)
sin (——;— + ]/% 2), O}i
Vo = (U, T W) = (_:— € ’){—acospy cost, IBSi"By s
/zcospysmz}; (3b)

I
V;=\‘Va) Vodt = (u,. 0, 0] =(2 a’wze—“-')x
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)‘([(l'}‘ %cus‘lﬁ)’)» 0, O}’ (3c)

where k =cA;2 + }32 Is the wave number; 2a, «) 1is wave height and frequency;
Y=ux-—ol;

20 s the Coriolis parameter; Cy is the surface velocity of the drift cur-
rent.

Equation (3c) represents the components of the Lagrangian velocity (Stokes
drift) of the order of €2, where € is wave steepness [4], which with av-
eraging can be examined in Fuler variables.

Since vyave = £vy [4], where v = [ul, Vi, wl] and € = ak is a small par-
ameter, examining perturbed motion in the friction layer of the ocean, the
velocity fileld can be represented in the form of a geries

4
Vooan=Vg 'F8V|+82 Vot ... (4)

[BO3M = per)

- Second-order motion (v2) will be represented in the form of a superposition-
ing of second-order mean motion and the second harmonic [2]; in addition,
since in (2) it is understood that vy,ye is described by potential theory,
then the second-order effect, Stokes drift, known from this same theory,
will follow. Thus,

Vo=V (Y, 2, )4-vy(y 2 t)Fva(x y 2 t). (5)

llere v = {u, v, w] is mean second-order motion (secondary motion), Va2
is a component containing the second harmonic, whose influence, like that
of higher-order terms, henceforth will also be neglected. On the basis of
(1), (4), (5), we obtain a system of equations describing secondary motion
in the friction layer of the ocean [2], which with use of the stream func-
tion () has the following form (subsequent computations are cited for
dimensionless variables):
IV, 9%
(o Vagy) w +10) + ‘= G =Re-i (=2 w4 dud Su) —

dz (63)

du . ouyy,
—{Ul -———oy' + Wy a_z‘)’

] ] AT _l(,’, _011__0_)
) (o + Vi) 1= 5 R 2 2 )
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ot

a /" dv, T J (= duw, ow\,
tor(vg @ "5;‘)“ oy(~'17y‘+ bt —5;/\. (6b)

(6¢)

The author of [2] examined a mechanism of generation of secondary move-
ments in the friction layer by means of the action of Reynolds stresses
caused by the interaction of the velocity wave field with the shift of
drift currents and which is described by the terms on the right-hand sides
(6a,b) with averaging (line at the top). In the case of potential waves
these terms are identically equal to zero, but the Stokes drift effects
remain as a possible mechanism of generation of longitudinal vorticity.

Since the Reynolds number is of the order of 102, it is natural to discard
the terms describing the viscous effects. However, system (6) becomes sin-
pular and a simplification of its solution is not attained. Therefore, it is
customary to retain higher-order terms. In our case it is desirable to re-
tain the terms emphasized in (6a,b) describing diffusion (in order to elim-
inate the singularity) and the influence of Coriolis force (since the equa-
tions of the system are related through them).

For a more general situation than in 3b,c), ug = ug 1(z)rexp[i ¥ (y-ct)] and
equations (6) have solutions in the form

b= f(z) @10 g =p(2) et -en, (7N

where 7 = 2B and ¢ = ¢y + 1ci can be interpreted as the complex velocity
of the perturbation, its real part characterizes the displacement, and the
fictitious part characterizes the increase in the amplitude of the perturb-

= ation. For determining the amplitude functions we obtain a system of ordin-
ary differential equations

B =1+ yReq+iyRe (Ve—c)] p+2 =
—itReUpf=1Recu;, +iyRe (V.—c,) u,y;

SV=[2 ¥+ 1Rec,+i1Re (Vi—c,)] f" + {7+ 1*Rec,+ (8b)
+ iy Re (V,~c)+iyRe V] f—2p'=0;

(8a)

with the boundary conditions [7]:
when z = 0 f=p'=f"=0; (8¢c)
when z-— oo f=p=f=0 (8d)
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The deseribed model Tg correct in the case of small perturbatlons and here
[t Iy used for determinlng only the form of the pertarbatlon, For computing
the amplitude of the perturbation, as already noted, we use the energy equa-
tlon for an equtithriam state, from which s found the normalization Tactor
Inr|\bf| , denoted hencetorth by Ao The Tt perturbatfonn by meann ol Rey-
nolds stresseds detorm the fnftbal profile of the current and thercefore the
veloclty tfleld in the friction layer must he represented as follows

Vi 55 Vo ()b (X0 3 20 1) 2 vy, 2, ) v (3, 2, )y 9)

[BOJI M = pery B = wave] where va(z) fs the horizontally uniform mean current
(not now describable by an Fkman spiral) and v 18 a perlodic secondary cur-
rent of the form (7), already a finlte value,

substituting (9) into (1) and carrying out horizontal averaging, we obtain
cquatlons deseribing the mean current vp = {U, v, U}:

U=V ez Re[ (-1, yw]'s (10a)

V"-}-2U = Re(vw)’. (10h)

the cnergy equation for sccondary motfon E = (u?+v?,w2)/2 1s obtained in the
asual way from the equatlons of motlon and {n a nonviscous approximation has

Lhe form . \
ok ()II‘ " iy " L
01—! v gy + (V—'()" 0y + du v ay t

v 9, i)
- nw ~*} v -d-—-+"u -(—,5- -v'w——L::().

(1)

Here p is a pressure component corresponding to the secondary motion [2].

integrating (11) for the layer occupied by secondary motion and averaging
along the divectfon of the y-axis, with use of the expression u + ug =
[U'/(V=c] ¥ (f.llowing From (6a) in a nonviscous approximation with the
- replacement of vp by vg), we obtain the cxpresston

— "

oL _ [ ww' V' dz - (IR I e 12

T‘”J‘ vw V' dz \V ( P ‘)‘[__ (12)
[n an equillbrium state dE/Jd t = 0 and the energy equation is Interpreted
in the following way. The sccondary motion of finite amplitude, receiving
cnergy from the mean flow, by means of Reynolds stresses redistributes it,
vhich leads to a change in the Initial current profile. The modified profile
can become more stable, and in this case a stationary state is attained,
provided that the energy transfer from mean motion is balanced by dissipa-
tion, or, with ncglccting of the latter (the term describing dissipation
contains the factor Re~l ), is equal to zero.

ve will divide the mean flow by the Ekman part and some increment describ-
- ing modification of the mean flow by the final perturbations: vy = Vg +
Vpe From (10), taking into account the mentioned expression for u, we
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obtaln cquatlons describing Vi = {um, Vin, 0}:
Uy =20, =0, vp -2, =Re (va) (13)
with the boundary conditions
= w, (0)=wv, (0) =u, (H) = v, (H) = 0. (14)

In (12), (13) discriminanting explicitly the sought-for normalization factor
= A, we obtain an equation for its determination

M ———me H ———
[ vy -;;’;—(%;—%'})dz»i‘A‘afvm—l,g;(%%)dzzo. (15)

The model was realized numerically; the computations were made using the
following model. From the linearized system of equations (8) we determined
the components of secondary motion u, v, w, % , The neccessary parameters
for waves and drift current were computed the same as in [2]. System (8)
was solved by the matrix adjustment method using a uniform grid and employ-
fng o difference scheme with a second order of accuracy. For reducing the
system of difference equations to a "three-point'" form we introduced the
addltlonal unknown function ¥(z) = £". Using (13), (14) we found a modif-
feation of the Ekman profile up, vp. Formula (15) was used to determine
- the amplitude factor A; In this case the integrals were computed using

the Simpson formula. We computed the value of the fields (¥, u, v, w,

im, V), corresponding to an equilibrium state.

Figure 1 gives an example of computation of the stream function for sec-
ondary motion, which also shows isolines of the vertical velocity and
second-order longitudinal velocity (u + ug). The structure of secondary
motion does not essentially differ from the structure of the Langmuir cir-
culation. Tt should be noted that the region of maximum descending move-
ments Is situated beneath the zone of the maximum longitudinal velocity

at the surface.

Adumerical experiments demonstrated a weak influence on the secondary cur-
rent by the parameter c{, which can be regarded as an index of growth of
vaves during a developing wave situation. As a characteristic of the de-
pree of Instability of the friction layer we employed |f(z) max» charac-
terizing the quantity of water entrained in the secondary motion. The vel-
velty of movement of the system of eddies along the Y-axis exerts a more
slgnificant influence. It appears that the friction layer is most unstable
when the velocity of movement of the perturbations (cr) is close to the
transverse velocity Vi at the point of inflection of its profile (V%), as
takes place in the case of a classical Ekman layer [17]). This result can
be related to the phenomenon, noted under actual conditions, of lateral
displacement of the wind bands (windrows) at the sea surface caused by the
Langmuir circulation [1].
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Fig. 1. Stream function for second- Fig. 2. Dependence of maximum rate
ary motion (a), isolines of vertical of water subsidence (wpax) on wind
velocity w (b) and total longitudinal velocity (Cg) with¥=cy = 0, cp =
velocity u + ug (c¢) in dimensionless V%. (Curves 1, 2, 3, 4 corresponds
form, computed for Cq = 8 m/sec, = to Y = 0.2; 0.3; 0.4; 0.5).

Cy = cf = 0.

We also modeled situations with an orientation of the perturbations at the

angle ¢ to the wind direction, With small ¥ the maximum instability is

displaced in the direction of the negative angles (%%~ 10°); with a de-

crease in wavelength (2, /7 ) a greater instability is noted with deflec—

tion to the right from the wind direction by approximately the same value
_ (= 10°).

Figure 2 shows the dependence of the maximum velocity of descending move-
ments on wind velocity at a height of 6 m (Cg) with different ¥ values.

a The computed values agree with numerous measurements of the rate of water
subsidence in wind bands and indicate a direct dependence on wind velocity.

As might be expected, secondary motion is an effective mechanism for the
redistribution of momentum. Figur: 3 shows examples of a modification of
the Ekman spiral for several situations.
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2r
U
g8
Fig. 3. Modification of the Ekman spiral
o~ (0) by secondary movements of finite am-
. plitude (in dimensionless form).
G 1) C6 = 8 m/sec, ¢ = 10°, ¢y = 0,012,
- //// 7/= 0.5
ool- LV/ , 2) Cp = 10 m/sec, ¥= Cy =0, VY= 0.4
! k/\ 3) Cg = 10 m/sec, ¥=1¢y =0, 7= 0.1
) .
- ’ In all cases cyp = Vé.

- 04 WO . 044 L\

- Now we will formulate the principal conclusions.
l. An examlnation of the process of interaction between the drift current
and surface waves, stipulated by the Ekman spiral and potential theory re-
spectively, demonstrated that as a result of hydrodynamic instability a
secondary motion arises which is similar to a Langmuir circulation. The
"forcing force," determining the form of the perturbation, is Stokes drift
in the case of three-dimensional waves modeled in the simplest case by the
intersection of two ordinary plane waves.

2. A model considering secondary motion as an equilibrium motion explains
@ number of properties of Langmuir circulation (1-4, 7, 10) known from ob-
servations,

3. Sccondary motion causes a substantial transfer of momentum, commensur-—
able with transfer as a result of small-scale turbulence. A modification
of the Ekman spiral by secondary motion leads, in particular, to a de-
crease in the angle between surface flow and wind shearing stress, and also
tauses a narrowing of the velocity hodograph in the upper layer, and this
nieans a greater uniformity of the flow with depth.

4. The reproduction in the model of the principal peculiarities of a Lang-

muir circulation, established experimentally, makes it possible to hope

for success in the approaches used in solving the problem. At this stage

it is most important to develop a model of Langmuir circulation for taking
- into account stratification for the purpose of determining the role of cir-

culation in processes of formation of the upper quasihomogeneous layer in

the ocean.

- In conclusion the author expresses appreciation to P. S. Lineykin for atten-
tion to the work and useful comments.
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IMPROVED MODELS OF WATER DISCHARGE AND EVALUATIONS OF ACCURACY OF ITS
MEASUREMENT BY THE "VELOCITY-AREA" METHOD

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 65-73

{Article by Doctor of Technical Sciences I. F., Karasev, State Hydrological
Institute, submitted for publication 28 March 1978]

Abstract: The article glves analytical depend-
ences for new models of water discharge and
thelr measurement errors, obtained on a cor-
relation—-hydraulic basis.

[Abstract] '"Velocity-area" methods constitute the principal metrological
basis for fluvial hydrometry. A determination of discharge on the basis

of the results of registry of its elements -- a modification of indirect
measurements, having a definite analytical basis -- is a water discharge
model. Although the concept of a discharge model developed considerably

earlier than many other hydrological models, until recently it remained

extremely imperfect. This made it necessary to carry out the investiga-

tions whose results are presented in this article.

In general form water discharge in an open channel is modeled as some fluid
body formed by the elementary volumes dW = vd S, where v is the current velo-
city at the center of gravity of the area dw normal to it.

The entire diversity of existing models and methods for computing water
discharge on the basis of measurement data was governed primarily by the
difference in the methods for spatial-temporal averaging of current velo-
cities and computation of the "discharge body" W.

The analytical and graphic methods used at the present time are based on an
interpolation of the measured mean velocities on the verticals vi, v; (Fig.
1) as precise values, without taking into account the error in their deter-
mination and variation in the width of the section. In the case of linear

interpolation the averaged velocity in the section is determined as the
half-sum of the mean velocities on the verticals

T',=O,5 ('vl+'vj)’ (1)
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which leads to a computation formula for a standard analytical method
for computing the water discharge (we will call it a linear-determined
model):

$:N =)

Q=0,7,w +a, Uy oy - Y 05 (v, +v)) wg )
B o $=2

where % and %y are the "edge" coefficients for computing velocity

in shore sectlons, N and “ﬁ #re the number and areca of the sections
between the veloecity verticals.,

In the United States use is made of a determined model of a different type
(12]. The model combines measurement and velocity verticals and the deter-

- wined elementary discharges are applied to their neighborhood or are lin-
carly interpolated in the interval between them bg.

—_—T 2 —

——4 [Im s =36

- Fig. 1. Distribution of mean flow velocities on verticals in width of sec~-
tion. 1) actual distribution of velocities, 2) hydraulic components, 3)
linear interpolation-hydraulic model, 4) linear-determined model; devia-
tions of velocities from actual values: 5) curve (3), 6) straight line

(4).

_ There are more perfect discharge models which take into account the nonlin-
car nature of change in velocity in the width of the section. In the graph-
ic processing of water discharge the velocity curve is reproduced in the

- form of a smooth curve. In the analytical variant the change in velocities

. is represented using a parabolic interpolation model or in dependence on
the local depths in the section (A. P. Braslavskiy).
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In all the clted cases the discharge model remains determined. In actual-
lty, however, the measured mean velocities on the verticals can be broken
down into at least three cormonents.

ll‘ = h] v=vr+w+f",

where v, 1s a determined value, hydraulically governed by local depth, the
slope of the free surface and channel roughness; w is the structural de-
viation of velocity caused by the action of different disturbing factors
ind large-scale turbulent formations; fy is a value reflecting the influ-
tnce of the local turbulent fluctuation of velocities and the errors in
determining mean velocity of different origin, including instrumental and
methodological, dependent on the number of points for measuring velocity.,

- Each component, naturally, must have different methods for its spatial in-
terpolation in the width of the flow,

The determined value vh follows the change in depths on the verticals in
accordance with the Chezy-Manning formula

213 )2 -,
r=——-—-——h "I =ah'?, (3)
[l‘: hJ
The parameter
ll}’.‘ Q
= — = X
n whfS (4)

[cp = mean] (where oS and hpean @ve, respectively, the area and mean depth
of the cross section) serves as one of the hydraulic characteristics of
the flow, used by M. A, Velikanov [1] in computing the plan of currents.

For computing vy with the use of expression (3) it is necessary to know
the distribution of depths in the width of the channel. An analytical ap-
proximation of the outlines of the river channel transverse profile in
each specific case is quite complex. However, in order to obtain the mean
velocity vhg in the section «Jg it is not mandatory to reproduce the true
configuration of the channel under the condition that the used approxima-
_ tion gives an equally "guaranteed" distribution of depths. The analytical
- expression for such approximations was proposed by V. N. Goncharov [3]:

h=h_, (%) (5)

where B and hpax are the width and maximum depth of the channel respective-
ly; y is the distance from one of the water edges; for the exponent we have

2= mae 8
w

—l=¢~1
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Here ¥ 15 the characteristic of completeness of the section; its value
varies from 2 to L for triangular and rectangular profiles respectively,
For natural river channels of complex configurations ¢ > 1.

The hydraulic dependence for the determined component (4) and the approx-
tmation (5) is also applied to the sections between the velocity verticals.
_ Therefore, the vhg value can be represented as follows:

ad,=q,. ' 23

[r=n] P R (6)

where ag is determined from the values of the partial discharge q4, area
s and mean depth in the sections between the velocity verticals:

h b \ . 2/3
I ¢ 2 | s . ¥ 23 (.=~1) 3 aghplee
[ep = mean | "U'J == O_,-,Y LA h dy = —b;— j U_'/ll;ll"l‘(—a?) dy = "—._:‘r—_;—l—". (7)
1} 0
With respect to the velocity components -- structural w and random fy ==
together they are determined as deviations of the measured mean velocities

on the verticals from their hydraulic components:

A”up:“Mn+fﬂh:”w)"ﬂﬂﬂ

The Av values on the intermediate verticals are a random function of the
transverse coordinate y. They can be obtained by means of interpolation of
the deviations Avy and‘AVj in the interval between the velocity verticals.
The & vg value, averaged in the width of the section, in general form is
represented in the following way:

dv, =P (dy + A, (8)

In the simplest case of linear interpolation Pg = 0.5. However, for the
best approximation to the real value it is necessary to take into account
the correlation of Avj and 4vj, For this purpose it is possible to use
the optimum interpolation method [2], interpreted by us applicable to hy-
drometric problems [6].

Using a separate representation of the components of mean velocity in the
section vhg using (7) and Avg using (8), we will synthesize the interpola-
tion-hydraulic model of water discharge:
5N . PIN}
: J as h;nll;x ] ;
= ) o 9
Q= Z [ To, 71 tPA—a R "1‘“:"/"3)_’ ;. @

s=1

For Py we obtained the approximate expression
S

PJ= ~ -~ ’
e +28,+2

(10)
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vhere { K {k/bg 1s determined on the basis of the autocorrelation func-
tlon of the structural deviations w [6];% 18 the measure of errors in
measurement of velocity on the vertical:

3 aa
'Il - — =

" ) o'
w! (dv}) -0

[H = meas] (The line at the top denotes statistlcal averaging for the set
of varying parameters.)

The basls for model (Y) 1is the hydraulic nucleus of the flow (the first

term under the sum sign). But, in contrast to the linear-determined model

(2), model (9) contalns a varying part (second term). Depending on the in-

terpolation method, the varying part of the discharge interpolation-hydraul-
- Le models Is subdivided into two modifications:

-~ a linear interpolation-hydraulic model, which corresponds to the con-

stant value Pg = 0.5;

-- an optimum interpolation~-hydraulic model in which the weighting factors
- Px are determined on a correlation-statistical basis using expression (10).

The modifications of the models are successively interrelated. For example,
if the structural deviations of velocity have a random character, Py as-
sumes a zero value and the water discharge is expressed only by the sum

of the hydraulic components of the discharges in the sections «/g. With ap-
proach to a determined distribution of velocities Pg~0.5. The water dis-
charge model in this case is reduced to a linear interpolation-hydraulic
model. And finally, if in supplementation to these conditions we use as a
point of departure a linear bottom profile between the velocity verticals,
i linear-determined model is precise (2).

Interpolation-hydraulic models do not require the introduction of the edge
coefficients 9 and ®y» since formula (9) ensures the necessary averag-

ing of velocity in the first and last sections with the values vy =0, hi

= 0 and v§ = 0, hj = O respectively.

The values entering into formula (9) represent the directly measured water
discharge elements or are computed using measurement data (¢, ag). The ag
ceifficient 1s determined using formula (7), in which as a first approxim-
ation the partial discharges qg are computed by a standard analytical method
on the basis of model (2). Thus, the new model (9) is successively related

to the presently used model (2) and gives a second approximation for water
discharge.

- The relative mean square error in measuring water discharge &y is charac-
terized by a set of special errors in determining its elements. On the as-
sumption of a mutual independence of the latter, on the basis of expression
{2) and the obvious expressions

995 _ 9 9% _ 4
dus,

8 - )
vs' dug Ws
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we will have
A I 2
. "F[TF( RN (1)

~ -~
viere UuJB and O, are the relative measurement errors for the areas of
the sectlons between  the veloclty verticals and the mean flow velocities
In these sections respectively; B is a metrological parameter dependent
on the hydraulic structure of the flow and the degree of discretization of
the mensurcments,

With a uniform distribution of velocity verticals in the width of the flow
In a rectangular channel B = 1, in a river without floodplains, B = 1.2-1.8,
ln the presence of floodplains 1.8<B < 3.0. In general, the smaller the
value, the more rational is the measurement process. In a channel with a
complex configuration the velocity verticals must be placed in such a way
- that approximately equal fractions of the water discharge pass between
them; this ensures a maximum effect of the spatial smoothing of the special
errors In measuring discharges in the sections between the velocity ver-
ticals. This principle, adopted in the United States as an emprical rule,
follows directly from the formulas cited below (12)-(14).

The mean square error in determining the area of the sections is dependent
on the instrumental errors of the instruments employed in making measure-
ments (markers, sounding leads, echo sounders) and the reliability of the
geodetic base of the hydrometric work. The errors in determining distances
from a constant beginning and the width of the sections usually mutually
compensate one another in sign and value and therefore do not exert an in-
fluence on the accuracy in determining «/g. Deviations of the measuring ship
from the hydrological line introduce a definite error into the measurement
of CJE; these constitute a source of so-called morphometric errors [5].
ilowever, the principal factor determining the accuracy in measuring the
area of the channel is the number of measuring verticals. Although the
crror in representing the continuous profile by a series of discrete meas-
urements of depth can be evaluated theoretically, it is better to use more
reliable empirical data directly. For example, with 20 or more measuree-
nent verticals the mean square error in measuring the cross-sectional area
(according to data from O. N. Borsuk) assumes the almost constant value 2%.

A decisive influence on the accuracy in measuring water discharge is exerted
by the crrors in measuring mean velocities on the verticals ‘Tvver and their
averaging in the section Oy.+ The error GQV r is dependent on the accuracy
of the measuring instruments; the duration of their exposure at the measuring
points where velocity is determined and the number of these noints in the
depth of the flow. The duration of instrument exposure determines the
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pulsation crror in measuring velocity and the number of points determines
the error in discretization of the curve of distribution of velocities on
the vertical. Estimates of the error @ .. and its components can be found
In numerous sources, including publications of the hydrometry section of
the State Hydrological Institute [5, 7]. In combination with adherence to
the standard method for hydrometric work, the accuracy in measuring the
mean velocity ls: the detalled (five-point) method =-- 2-3%, the main method
(two-point) -- 4-5%.

With respect to the error in averaging velocities in the section CTVS,

it is represented as the average error in interpolating the measured val-
uwes vi{ and vy in the interval between the velocity verticals, since in
computing vy use i1s made of only one (averaged) value of the weighting co-
cfficlent Pg, In general form the evaluation of the mean errors in linear
and optimum interpolation is given in [6]. Using approximate estimates of
the error Oy, we obtain the following expressions for the relative mean
square errors in measuring water discharge in the variants:

linear interpolation-hydraulic model

a2

=[‘PN‘(;§: +_;T~sze-x.4:,,/bs+0’5 ';3, )] . (12)
s . ()

;O
optimum interpolation-hydraulic model

~ ol ~ =4l ~, 2
% = [TW?,.“_ +abe 4059 )] ; (13)
- standard analytical method (linearly determined model)
%= ['N‘ 5 %W + 055, +e,) (14)

- [B = ver] [M = morphometric] The error in determining the water discharge
on the basis of a standard linearly determined model includes the entire
set of errors in the linear interpolation-hydraulic model and also the
morphometric error in determining mean velocity in the section CTVM, equal
to the dlfference in the mean values of the hydraulically governed velocit~
ies in accordance with formula (7) and the half-sums of the values computed

- for the verticals limiting the section. In a special case for a rectangular
or nearly rectangular channel, when ¥ - 1, hi® hj# hpax, we have I yy= 0,
and for an estimate of the error in determining water discharge, processed
on the basis of an interpolation-determined model, the formula (12) becomes
applicable. If, in addition, there is such a close correlation between the

= measured mean velocities on the verticals that the correlation radius is
substantially greater than the distances between them ({ 1 >bg), the error
ch 1s evaluated by means of a simple dependence, cited in our earlier stud-
ies, such as in [5]:

: "o =[5 (<, +0.5 2, ]

[B = ver]

12
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_ Table 1 -

irror in Water Discharge Models According to Computed Dependences C’a
and Actval Data §Q(2)

Morneab pacxoaa noaw o
Koanueer- "
BO cKopo-| MHHCIHO-ReTepMININItpO- muchuannrepnoan- | ontumaasias nurepnonn-
eMILIX Balnas 3 LiHOHHO-THAPABAICCKAR 4]  WHOHNO-FNIPABAYCCKAS 5
BEPTHKA- -
AcR ], % ‘ 8Q 3 ' 3Q % J 8Q
6 Baxw — knwaak Tytkaya, 1960—1961 rr,
Ouw=11,8%; ©,=L/h=53 S
8. 29 - 29 . - 27 | -
3. 5,6 3,0—6,0 56 1,0-—4,0 4,6 1,0—4,0
2 | 7.1 1,0—-6,0 7.1 1,078 5,7 1,0—4.6
7 Cupaapbs — xuunak Kawaxuwaak, 1976 o,
N 05 =40.0%; by =i/h=38,1 )
18 7 — 26. — 26 —
8, 3.0 0,0—5.2 29 -1,0—5,0 2,7 l 0.9—2,9
_ 3, 8,0 84—223 39 3,7—13,8 3.4 | 1,0—48 _
e - " Boaxos — g. Bypurn, 1968 r. ‘
0>21,6%; §x=/h=80 -
9 3.9 —_ 39 H 3.4 -
3 14 3.0—12,0 I 1,2 ‘ 1,0—100 8.8 05—6.6
2 17,5 16.0-~32,0) 173 4,0—~23.0 13.6 3.0—23.0

Key:
1. Number of velocity profiles
2, Water discharge model
3. Linearly determined -
4. Linear-interpolation-hydraulic
5. Cptimum interpolation-hydraulic -
6. Vakhsh-Tutkaul village _
. Syrdar'ya-Kzylkishlak village .
8. Volkhov-Burigi village
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Iv contrast to the formalan clted by other aathora, sueh as [4), Including
e lpgn authores [9=11], the dependences (12)=(14) contaln parameters re=
Plect Ing the degree or discretization of measurements and vorrelation of
the errers In determbining current veloeity, 1t 1s inadmisyible to evaluate
the accuracy in measuring the water discharge by simple summation of the
speclal errors, and In determining the welghting coeffledients for each of
them there should be no ehange tn the degree of discretization of the dis-
charge model. The nonadherence to this latter condition distorts the rela-
tionshlp of the errors determining the accuracy in measuring the water dis-
charge. A similar inconststency was allowed by G, V. Zheleznvakov and B. B,
Danilevich (4], In their formula, as indicated by the computations of N.

K. Siblryakova [8], the welght of the errors in measuring velocity exceeded
by 4-6 orders of magnitude the values of the remaining coefficients. In
other words, the accuracy in measuring water discharge was not dependent

on the error in determinlng the cross-sectional area. Failure to take into
account the correlation of the special errors leads to an understatement

of the combined error {n measuring water discharge.

The correlation-hydraulle characteristics of the water discharge models

and the errors in measuring its elements were also studied on the basis

of materlals from methodologleal investigations on the rivers and canals

of Central Asia, the Northern Caucasus, the Northwest and Belorussia.

Table 1 plves the Oy and Ok values for three characteristic rivers: moun-
tainous (Vakhsh), semimountainous (Syrdar'ya) and Jowland (Volkhov). In

the absence of £low distnrbances in a prismatic channel, such as the Vakhsh
Mver, both characteriatics assuse a minimum value: Oy in this case dif=-
fers little fron the errors in measuring velocity, not having correlation.
On the other hand, if the distribution of velocities under the influence

of above-lving dlsturbing factors is not entirely hydraulically governed,
(inadequately corresponds to depths), there is an Increase in &y and £ k;
this peculfaricvy is characteristic of the Volkhov and Syrdar'ya stations.

The correlation-hydraullc characteristics of the flow velocity structute
must be determined for each specific station on the basis of the results
of preceding observations. With respect to the data in Table 1, they can
he used as o preliminary basis for use of interpolation-hydraulic models
and evaluating the accuracy in measuring water discharges in rivers with
similar hydrologlcal regimes.

As Is well known, fluvial hydrometry does not have absolute standards for
water discharge measured by the "velocity-area" method. Under these con-
ditlons the effectiveness of its different medels can be evaluated only
on the basis of measurements with increased discreteness, in our case --
deviation d Q of the discharge values in the case of a reduced number of
velocity verticals from the more precise values obtained without such a
reduction. Table 1 gives the relative mean square Crrors 5q, computed
using formulas (12)-(14) respectively and compared with the § Q deviation.
The latter were obtained using data from hydrometric expeditions of the
Stute Hydrological Institute. To be sure, it is impossible to expect a
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complete colneldence of the theoretteal and emplrical ovaluations of the

errors Nevertheless, the closencss of the compared values was aceeptable

and Inoany case there were not those considerable discrepancies which were -
reglutered In an apalysls of existing formulas for evaluating the accuracy

In measuring water discharpge [8],

The effectiveness of interpolation-hydraulic models in most cases is the
preater the lesser the number of velocity verticals. This means that in
many hydrological sections it is possible to decrease the number of velo-
clty verticals and accelerate the measurement of discharge without de-
creasing Lts accuracy.

Ix

There are also other modiflcations of the "veloelty-area" method ensurine
acceleration of measurements, In particular, we will mention integration
methods for measuring Flow veloclty both using hydrometric current meters
and employlng ultrasound. The investigations carried out at the State Hy=-
- drologleal Instltute indicate that these methods are quite promising, al-
though they require the development of special equipment for hydrometric -
sections, (Such a charactertzation of integration methods exceeds the
framework of this article.)

The use of new models wit. a restricted number of velocity verticals dif-
fers fundamentally from the use of the corvelations between water discharge
and its so=-called representative elements, for example, the maximum depth
and velocity values in the cross section [7]. The accuracy of these models
is considerably lower and is 15-20% due to the instability of the coef-
ticients for conversion from representative elements to water discharge.

Summary

1. New (interpolation-hydraulic) water discharge models make possible a
considerable acceleration of its measurement by ""velocity-area" methods -
without a decrease in accuracy in comparison with the employed standard
methods.

2. The determined dependences for evaluating the error in measurement of
discharge follow directly from the analytical basis of its models. In
contrast to those proposed earlier, these dependences take into account
the correlation and weighting coefficients of the special errors as char-

B acterlstics of the velocity structure of the flow. The metrological para-
meter B contained in them reflects the degree of discretization of the
velocity field. It can serve as one of the criteria for optimizing meas-
urements on the basis of the maximum effect of spatial smoothing of the
special errors.
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UDC 556.332.4

DETERMINATION OF THE PARAMETERS OF GROUND PERMEABILITY FROM UNSTABLE
INFILTRATION CURVES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 74-82

[Article by Candidate of Technical Sciences V. M. Denisov, submitted for
publication 22 March 1978]

Abstract: The article examines the laws of

wvater movement in the aeration zone and gives

the derivation of the equations for the re-

duced rate of vertical filtration and a new

method is proposed for determining the para- -
meters of permeability of virtually homogen-

eous ground.

[Text] As is well known, hydrological computations of rain-induced runoff
are closely associated with determination of possible water losses due to
its infiltration into the ground.

Upon entering into the soil, the water can completely fill its pores in
some volume or layer, or only a part of them, In the first case there is
a1 two-phase soil-water system, and the medium (ground) is water-saturated.
With partial filling of the pores the medium is not water saturated and
thus 1s already a three-phase soill-water-air system.

Under real conditions, even within the iimits of a single profile, it is
- possible to encounter different degrees of ground water saturation. The law
of water movement in saturated soil media is described quite well by the
well-known Darcy equation
v=Kpi,
[($= £11] (1)
where Kgyq is the filtration coefficient; v is the reduced filtration rate; i -
is the hydraulic slope. _

In the case of vertical filtration in water-saturated ground (downward fil-

tration) the hydraulic slope is formed only due to the distribution of hy-
drostatic head
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i=

h+ 1
[ (2)

vhere h ls the water layer on the soil surface; ) is the length of the fil-
tration path,

In the case of water flltration in unsaturated ground the picture is preat-
ly complicated, The interactlon of uncompensated forces [2] is complex in na-
ture. These are caused by the potential of the moilsture content gradient

Py, the osmotic potential Py arising as a result of the presence of water-
soluble salts, capillary-film potential P., potential of the soil moisture
configuration caused by the energy of the water-air phase discontinuity P, ,
the potential of entrapped air Py and other possible potentials.

It must be noted that all these forces, other than the osmotic potential, are
formed at the water-soil-alr diccontinuity in the unsaturated zone where
there is a moisture content gradient,

The vertical filtration of water in unsaturated ground is a complex process
when there 1s a change in molsture content both along the profile and with
time at each point on this profile. Usually tha upper zone of this profile
rapildly comes into a state of complete water saturation and a reglon of un-~
saturated ground arises on the filtration front. With the downward advance
of the filtration front the layer of water-saturated ground also increases
and the reglon which 1s not saturated drops downward. It should be noted
that water filtraticn occurs progressively from the surface region through
the water saturated ground layer into its unsaturated part, There is a
dimultaneous and progressive filtration through the water saturated and
unsaturated ground. Thus, a decrease in the water in the surface layer cor-
responds to an increase in the volume of water-saturated ground and the
volume and moisture content of its unsaturated part.

Taking into account the sequence and interdependence of the filtering of
vater through the saturated and unsaturated ground zones, in our opinion

it is necessary to regard this process as a single process and express it by
some one generalizing equation.

For this purpose we will express the total effect of.all the uncompensated

forces on the filtering water, arising in the region of the unsaturated
part of the ground, the so-called equivalent potential

P;=P,,+P.,+P,+Pe+pl+ .. (3)

lo = osmotic; K = capillary-film] where Pg is the equivalent or total poten-
tial, having the dimensionality of length (in millimeters of a water column).

We will find the hydraulic gradient and the reduced rate of vertical filter-
ing of water into the ground, having a different degree of water saturation.
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As 1s well known, under conditions of lamlnar f£iltration there is an equal-
Ity of the forces caused by a drop in the hydrostatic head and the effect
of the total potential of the part of the ground not saturated with water,
on the one hand, and the resistance force (friction), proportional to the

- first power of the filtration rate, acting on the filtration path, on the
other,

For one-dimengional filtration we have

y(22—2) 4P =clv, (4)
where Y 1s the volumetric weight of the water; z1 1s the reading for tha
filtration front; z9 is the reading for the level of the water present at
the soll surface,
For the vertical filtering of water into the ground we have

22-—2|=/l+l. (5)

Substitution of the value zp = z3 from (5) into (4) gives

y(h4-l4-P,) =clv, (6)
hence 0= L heleP y ;
¢! ‘ %))

For reducing formula (7) to the known Darcy equation the proportionality
factor ¢ must be

Ky (8)

[® = fil) The replacement of the c parameter in equation (7) by its val-
ue from (8) leads to a final expregsion for the reduced rate of vertical
[1ltering of water into the ground

u:l(,;,i=l(.,.(l+£l—’:‘-‘). (9)

[ € = £i1] It must be noted that the equivalent or total potential Py, as
demonstrated in numerous experiments, can have not only a positive, but also
a negative (repulsing) value. Thus, using equation (9) it is possible to
describe the process of water infiltration into the ground in the aeration
zone.

Under field conditions the infiltration process is most frequently simulat~

- ed by means of a Nesterov infiltrometer, in which, due to the presence of
two concentrically arranged cylinders, some buffer zone is created which
reduces the outflow of water from the inner cylinder. However, it must never-
theless be noted that when using this instrument some methodological "non-
closures" arise. The results frequently lead to exaggerated percolation

- Y5
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characteristles ay a regult of the weak rvestriction of lateral outflow,

Evidently, the extenslve use of these instruments 18 related to the de-

lre to obtaln the flltration characteristics of the unimpaired ground
- under natural condltions,

These characteristlics can be determined more precisely when using ground
monoliths selected under natural conditions without disruption of their
structure and mechanical properties. However, this cannot always be done
on a practlcal basis (especially for weakly bound ground) and therefore,
knowingly expecting some loss in the accuracy of the results, use is none-
theless made of the Nesterov infiltrometers, regarding infiltration from
the inner cylinder of this instrument to be approximately one-dimensional.

At the present time we know of several methods for the field determination
of permeability of ground, which can be divided into two principal groups:
1) methods based on the theory of steady water movement,

2) methods using the theory of unsteady movement.

The first group includes methods developed by N. S. Nesterov, A. K. Boldyrev
and N, K. Girinskiy [3], but these methods have a number of shortcomings:

-= only the filtering coefficients are determined;

-~ attainment of a steady water discharge is dependent on a great time ex-
penditure on carrying out an experiment and a great volume of water, which
sometimes Is in short supply;

-- in the process of prolonged wetting of the ground there can be a change
in its mechanical structure as a result of swelling of the particles and
also calmatation of the upper layer at the water-soil discontinuity.

The second group includes the methods of N. N. Bindeman, N. N. Verigin [3]
and V, V. Badov [l]. These methods considerably reduce the time spent on
the experiments, but for determining capillary pressure forces (more cor-
rectly, evidently, total potential Pg) and inadequacy of saturation it is
necessary to expose the ground to the depth of its moistening.

Also of definite interest is the somewhat original method of instantaneous
water applications developed by V. V. Badov in which a study is made of -
the filtration process with a free decrease in the water level (surface
head) after an instantaneous application of water. iHowever, the determin-
1 ation of the reduced rate of filtration or the intensity of decrease in
the level of the free surface (v = -dh/dt) by means of the tangent con-
tructed by eye to some point on the decrease curve (h = f(t)) can introduce
a substantial error into the computations. V. V. Badov recommends that the
shortage in saturation also be determined by means of exposure of the ground

to the depth of its moistening or use of a constant equal to 0.2 (in fractions
of unity).
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TakIng Into nccount what has been sald above, we developed a new, rather
glmple and not tlme=consuming method for determlining the permeability of
virtually homogeneous ground using unsteady infiltration curves. The propos-
ed method is based on use of unsteady water infiltration when there is a
varlable surface head (free infiltration). The experience with determin-
ing the hydrophysical parameters of the ground involves observations of
change in level (surface head) of the filtering water to its total infil-
tration. It can be used under both laboratory (with monoliths) and under
fleld conditions. The most precise results are usually obtained in an in-
vestigation of monoliths in the laboratory. There conditions are created
which impede the outflow of water through the lateral surface of the mono-
1ith (application of paraffin or smearing of the lateral surface with
plasticine). This favors the creation of a rigorous one-dimensional fil-
tration flow. When carrying out laboratory investigations the volume of
the water passed through the monolith must be approximately 8-10 times
less than the volume of the sample.

Under fleld condlitions the Nesterov infiltrometer usually used for these pur-
poses can be employed.

lelow we present the theoretical basis of the proposed method and an example
of computations of the parameters of ground permeability.

Ue will express the temporal change (decrcase) in some initial volume of
vater filtering into the ground by the known equation

dW =Q,

at

(103

where W is the volume of the filtering water; t is time; Q is the water dis-
charge through the filtration surface.

Dividing the left and right sides of equation (10) by the area «J through
which filtration occurs, we obtain

dh Q.
—w == 1)

For determining the filtration rate we will use formula (9), in which the
length of the filtration path is expressed through the relationship of the
percolating water layer hg-h to the value of the free or active ground por-
osity Q: 1
l=— (A — h),
w o= ) (12)

where h0 is the initial layer (initial surface head) of filtering water.

Substituting the L value from equation (12) into (9), we find that
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plh D)

_ v K| ] (3)

With repeated application of some volume of water its flltration conditions

will differ somewhat from the filtration conditions for the first volume. L
This difference 1s assoclate!l with the forming filtration column for the

first volume to which water was applied.

: Thus, the filtration rate u for the second volume to which water was applied,
In a case when it is equal to the first, i

heP, N _ p(h+ Py (14)
u=Ky [1 TRk ,,,,,,,] = K'b[l t Shon ]
T

[# = FL1]

We will find the time for the filtering of water through the first volume
vith a change in surface head from the initial value to some adopted value.

_ dh u{h+ D) (15)
- ”~‘*7T—K~»[1+_no_—;.]-
[$= i1}
hence
h t
g dh ,
: ~ |~ =fe [ at (16)
R hy 14 by — R 0
, Integration gives
Ity y=n
=T [(1 — ) = (n— 1) In—220 ], an )

where ng = ht/ho is the relative surface head (in fractions of the initial
value), corresponding to the time t.

P
l+.J~-Ff- (18) B
_ v, = =

Similarly we find the waier filtration time with repeated application of water

—— M ) — (e —D) | _ZL:‘L], 19

b=k [(] W= =A== @9

) 24+ne (20)
’Il_,:——'l—‘_—_—P—.
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The water Ffiltration time with a change in surface head in the interval
from hg to h for both water applications can also be determined from an
experiment with observation of the change in the level of the filtering

- wiater in the Inner cylinder of the instrument. For this purpose, using
data from the experimental applications of water, curves were constructed
showlng the change In the surface head of water with time (hg = f(t)) for
the first and second water applications.

_ The equations (17) and (19) include three unknowns: filtering coefficient
K1, active (free) porosity pr and total potential Pg, For finding these
unknowns we will write three equations, stipulating specific intervals in
the change 1in surface head.

for the first volume of filtering water we noted two intervals of change in
surface head, from which thelr filtration time is determined. The first
interval is determined by a change in surface head from hy to 0.5hg, or

00k,
”l:'—_ﬁf—“‘oj'

The second interval is from hg to 0.05hg, or

0,05 hy
hy

== 0,05.

n, =

For the second application of water the interval of change in surface head
- is adopted in the range from hg to 0.05 hg, or

0,05 h,
“3 = —:u——— = 0,05.

Thus, using the selected intervals of change in surface head and formulas
(17) and (19), we write a system of three equations

w—0,5
, b= g [08 — (=) n B0 ]
- v —0,05 :
: fz—m[o-%—('n—l) l“'l\?] , (21)
. Ho s = 0,05
b= [09.3-—-(" —")ln-———-l ]

where tj, tp and ty is the time of change in surface head in the selected
intervals.

l'or determining the 1/1 value we will solve the first two equations in
system (21): —05
05—(v,—l)ln v—‘l

L - (22)
B 095 — (v 1) In Al

ux——l
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The ”1 parameter ls found Crom the graph of equatlon (22), since in explic-
lt Form 1t is not solved relative to this parameter,

The V) parameter is determined by solving the second and third equations
in system (21), : —
0,95 — (v~ 1) In L.—0.08
’l V\—l

——=

N ——{,05
3 0,95 — {vy—-2) ln‘-'.’—._l— (23)

Yy —

Due to the fact that equation (23) 1s not solved in explicit form relative
to the Yy value, it is found using a nomogram of this equation (Fig. 1).

For determining the active (free) porosity we will solve the system of
¢quatlons (18) and (20), excluding from it the value

- WS
ho.
l+y.&
Hn
vy = —a
24)
Py (
ey
hy = —=
. The solution of the system gives
1

Similarly, from these same equations we find the total potential:

P =p, 2= (26)

w———

For determining the filtration coefficient for ground we substitute ex-
pression 1 - p from formula (25) into the third equation of system (21).

The formulation gives

(vom) B vy — 0,031

Ky = L2500 (095 — (o —2) In 2| @n

For the purpose of facilitating computations, Fig, 1 gives a graph of
cquation (22) and nomograms of equations (23) and (27).
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As already mentioned above, the proposed speedy method for determining

the parameters of ground permeability is applicable for the most part -
only for a virtually homogeneous soil profile for the entire filtration -
depth () = 2hg/ ). -

The presence of a sharply expressed layer-by-layer ground inhomogeneity
at this depth can lead to substantial errors in the experimental results.

Vith respect to the evaluation of the accuracy in determinations by the
proposed method it should be noted that the author did not carry out
special investigations of this problem.

Evidently, the mean error in laboratory determinations can be: for the fil-
tration coefficient *(3-5%), and for active porosity and total potential
+(5-10)%.

During field determinations with use of the Nesterov infiltrometer there
can be a systematic error as a result of the presence of lateral outflow
on the average by 5-10%.

Now we will examine the sequence of formulation of the experiment and an :
cxample of determination of ground permeability by the proposed speedy N
nethod.

The experiment was carried out under field conditions with use of a Nesterov -
infiltrometer. The instrument was set up on an even and virtually horizon-
tal soil area (sandy loam). For the purpose of elimination of water flow from

the inner cylinder clay was smeared between the instrument rings and the
5011 surface.
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In order to obtaln an initlal head equal to 100 mm with an area of filtra=-
tion from the inner cylinder of 400 cm? a total of 4,000 cm3 (4 liters) of
water ls poured into it. For the purpose of limiting the lateral outflow
water was also poured into the outer ring; its level was equal to the
water level in the inner cylinder (the water volume is dependent on the
diameter of the outer cylinder of the instrument).

Figure 2 shows graphs of the experimental water applications in the Nesterov
infiltrometer, The decrease in water levels during the time of the experi-
ment, with its filtration from the inner cylinder, is characterized by the
following data:

Surface head
he om0 100 90 80 70 60 50 40 30 20 10 5
neooow . 1,0 09 08 0,7 0,6 0,5 04 0,3 0,2 0,1 0,05
Filtration time t, minutes

Water application I 3 7 12,6 19 28 37.5 48 59 69 75
Water application II 85 18 28 39 515 64 7 90 llOS 1ne

Now we will determine the time of decrease of surface head in the selected
intervals for the first and second water applications and we will cite com~

R putations of the filtration parameters using the graphs of water applica-
tions in Fig. 2 and the nomograms in Fig. 1.

- As a result of the computations we have:

ty = 28.0 min; ty = 75.0 min; ty = 112 min
t_0373; 42 20,70; Ay = 1,455 Yy = 2,70
P o
n=0,20; P=80 s Kggp = 0.75 mm/min

Thus, using the proposed method it is possible relatively rapidly and
simply to determine the principal parameters of ground permeability.

- Lxperlence in application of this method demonstrates the high stability
in determining all the water absorption parameters.
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UDC 551,584.,43:633,11(470.61)

- EVALUATION OF SOIL-CLIMATIC CONDITLONS APPLICABLE TO THE CULTIVATION
OF WINTER WHEAT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 83-87

[Article by Candidate of Geographical Sciences I. V. Svisyuk, Weather Bur-
cau, Rostov-on-Don, submitted for publication 30 May 1978]

Abstract: The author proposes a method for
cvaluating the agrometeorological conditions
for the cultivation of winter wheat in the
administrative regions of Rostovskaya Oblast.
The evaluation takes Lnto account both soil and
agrometeorological conditions and can be used
In evaluating the standards for the cultiva-
tion of winter wheat in a rayon and oblast.

[Text] During recent vears an evaluation of agricultural standards has as-
sumed great importance. However, for the time being agricultural workers
are forced to do this on the basis of fragmentary data. In this study we
have attempted to develop a method for a complex evaluation applicable

to winter wheat, bringing together the principal factors exerting an in-
Fluence on the formation of its yield. Such factors are soil fertility
and the agrometeorological conditions of growth. Both soil fertility and
the agrometeorological conditions in the different administrative reglons
of any oblast differ considerably. Taking this into account, we carried
out a mean lonp-term soil-climatic evaluation for each administrative re-
slon in Rostovskaya Oblast.

For our computations we used two independent complex evaluations: firsi --
soll bonitet, which takes in an evaluation characterizing the thickness

of the horizon A + B, an evaluation of the humus supply in the soil and

an cevaluation dependent on the mean long-term vield;

second ~= evaluation of the climatic peculiarities of the region, which
takes In the following indices most important for the cultivation of win-
Ler wheat: dzpen of wetting of the soil at the onset of renewal of the

growin:, scason of winter crops in spring; the severity of conditions for
*Le wintering of winter crops (sum of negative mean daily temperatures in
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winter); an overall evaluatlon of the state of winter crops at the beginn-
Ing of the spring growing scason; the sums of active temperatures durling
the period from the renewal of the growing scason to ecaring and separate-
ly from earing to golden ripeness, and finally, the precipitation sums
during these same perifods. The averapge of thesc two complex evaluations,
that {s, the evaluations of soil bonitet and the climatic characteristics
of the reglon, also gives an evaluation which we called the soil-climatic
ovaluatlon of the conditions for the cultivation of winter wheat in the re-
glon,

Computations of the mean long-term soil-climatie evaluation were carried
out in the following way. On the computation sheet (Table 1) we first en-
ter the computed (for each administrative region) mean weighted reglon
soll bonitet, and for each oblast == the mean oblast soil bonitet.

As a convenience in computations the mean oblast bonitet (947) was assign-
od the value 100% and then the soil bonitet for each region is calculated
relative to the oblast bonitet., These values are also used as an evalua-
tion of the region soil quality. In deriving evaluations of the climatic
conditions we enter the mean long-term values for the depths of soil wett-
ing in spring (DSW) for each region and as an average for the oblast and
then the overall evaluation of the state of winter crops in spring (on

the basis of data from a spring inveatigation), and the sum of negative
mean daily temperatures for winter for each region. Then we enter the sums
of active temperatures and precipitation sums for the two mean long-term
periods: from renewal of the growing season to the earing of winter wheat
(first period) and from earing to golden ripeness (second period). For
each of the considered elements we find the mean oblast values, which are
agsigned the value 100%, and these are used in computing the percentage
(evaluation) of each element for a specific administrative region.

The evaluations for the depth of soil wetting, the overall evaluation of
the state of winter crops in spriiz and the precipitation sum for the two
periods arc assigned a "+" sign, because these elements, wiith their in-
crease, improve the conditions for growth and development of winter wheat
and Increase the formed wheat yield. The evaluations obtained from the

_ sum of negative mean daily temperatures during winter and the sum of ac-
tive temperatures for the periods from the renewal of the growing season
1o caring and also from earing to golden ripeness are assigned a "-"
sign because with an increase in their absolute values they worsen winter-
ing conditions and the spring-summer development of winter wheat and in
the last analysis reduce crop yield.

After carrying out the computations the evaluations of all the elements

by administrative regions are algebraically summed and we obtain the sums
of the evaluations for all the agrometeorological (climatic) elements.
Having such sums of evaluations for all regions, we compute the mean long-
term sum of climatic evaluations for the oblast. It is assigned the value
1007 and 1t is used in computing the percentage (evaluation) for the sum of
climatic elements for each region. This is the mean climatic evaluation.
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Fig. 1. Soll-climatic evaluation of conditions applicable to cultivation
of winter wheat In Rostovskaya Oblast.

The two evaluations -- the mean evaluation for soil bonitet and the mean
long-term climatic evaluation -~ are used in computing the mean long~term
soll-climatic evaluation. Its distribution by the rayons in Rostovskaya

tblast s shown on the map (Fig. 1). It increases from 40-60% in the
vast to 90-1007% in the northwest and to 150-160% in regions of the south-
crn zone.,

in our opinion, this method can be used in evaluating the conditions for
the cultivation of winter wheat in each administrative region of the ob-
last. It can also be used in evaluating the standards for agriculture for
the cultivation of winter wheat. For this purpose, using the mean long-term
agrometeorological indices, employing our methods (1, 2], for each region
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Key to Table 1

1.

2.

- 3.
4,

50

0.

7.

8.

9.

10,

11,

12,

- 13.
L4,

15.

16.

17.

18.

19.

20.

21.

22,

23,

24,

25,

26.

- 27.
28.
29,
30.
31.
32.
33,
34,
35,
36.
37.
18,
19.
40,
41,
42,
43,
44,
45,
46.

Reglon

Fvaluation of climatie conditions

Evaluation of goil condltlons

Depth of soll wetting

Overall evaluation of state of winter crops
Sum of negative temperatures during winter
Sum of active temperatures by periods

Sum of precipitation by periods

Soil bonitet

% of mean for oblast

Depth of soll wetting, cm

% of mean for oblast

Evaluation according to spring investigation
% of mean for oblast

Sum of mean dally temperatures

From renewal of growing season to caring
From earing to golden ripeness

Overall evaluation based on climatic conditions
Mean soill-climatic evaluation

Veshensgkiy 47. Azovskiy
Verkhnedonskiy 48. Zernogradskiy
Chertkovskiy 49, Yegorlykskiy
Bokovskiy 50. Tselinskiy
Millerovskiy 51. Sal'skiy
Kasharskiy 52. Peschanokopskiy
Tarasovskiy 53. Proletarskiy
Kamenskiy 54, Orlovskiy
Krasnosulinskiy 55. Zimovnikovskiy
Belokalitvinskiy 56. Dubovskiy
Tatsinskly 57. Remontnenskiy
Morozovskiy 58. Zavetinskiy
Milyutinskiy 59, For oblast
Oblivskiy

Konstantinovskiy

Ust'-Donetskiy

Tsimlyanskiy

Martynovskiy

Semikarakorskiy

Bagayevskly

Aksayskiy

Oktyabr'skiy

Myasnikovskiy

Nekllinovskiy

Matveyevo-Kurganskiy

Kuybyshevskiy

Rodion.-Nesvetayskiy
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we compute the mean yleld of winter wheat. If the latter is higher than
the average computed value for the oblast, these cultivation "standards"
for winter wheat in the region are higher than the mean oblagt level. How=
ever, If the actual yield ls lower than the computed value, these "stan-
dards" for the cultivation of winter wheat in the region are lower than
the average for the oblast.

The soil-climatic evaluation can be used in evaluating the cultivation
"standards" for winter wheat in a specific year.

ilaving the values of the parameters entering into the agrometeorological
evaluation, it is possible to evaluate the cultivation "standards" for
winter wheat in any rayon in the oblast under the conditions prevailing
In a specific year., For this purpose the computations of the rayon yields
are made using data for a specific year and arc compared with the actual
yleld for this same year. In the evaluation of agiicultural "standards"
the mean long-term periods from the renewal of the growing season to
varing and from euring to golden ripeness always remailn constant -- mean
long=term values for each administrative region.

The proposed method makes it possible to evaluate complexly the conditions
for the cultivation of winter wheat in each administrative region of the
oblast both for the long-term period and for a specific year and to determine
the level of agricultural "standards" relative to the mean oblast agricul-
tural "standards."
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UDC 551.506.5

FORMING OF ARCHIVES OF OBSERVATIONAL DATA FOR THE FIRST GLOBAL
LXPERIMENT GARP

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 88-94

[Article by 0. A. Aldukhov, All-Union Scientific Research Institute of Hy=-
drometeorological Information-World Data Center, submitted for publication
L7 March 1978}

Abstract: The problem of the forming of
archives at the II-b level for the First
Global Experiment GARP, obtained from dif-
ferent territorial and specialized subcen-
ters, is described in terms of the theory
of sets. The article prescnts a method for
realizing the program of combining FGGE
archives in assembler language with applic-
atlon of structural programming principles.

(Text] During 1978-1979 plans call for carrying out the First Global Ex-
periment (FGGE) under the GARP program. One of the objectives of the ex-
periment is the creation of the most complete archives of data from ordin-
1ry and special observation systems, which can serve as a basis for the
testing of presently available and yet-to-be~developed numerical forecast-
ing models [7].

In accordance with the international plan for FGGE data control [1], the
Soviet Union in this experiment is to carry out the function of a number
of centers for the collection of data at the so-callea II-b level, includ-
Ing both data received at a real time scale and delayed data, including
the function of a data center for the coilection and integration of synop-
tic and aerological data for the entire earth, received from the six ter-
ritorial and special subcenters (United States, Great Britain, Japan, West
tiermany, USSR).

In order to carry out these functions it is necessary to create a set of
programs for integrating the archives obtained from the different subcen-
ters, their checking and reforming in accordance with the requirements of
the general FGGE format [7].
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The exchange of FUGE data among centers will be accomplished using 10-day
accumulations of data. We will denote by A} (4 = 1,...,6) the accumula-
tion of data for the particular 10=day period, obtatned Erom the J=th sub=
center, For kfj = 1,.0.,0 the elements of the AJ data accumulation are
the sets Fi (1 =1,..., myg600), each of which is entered on the magnetic
tape in the form of an individual file, and

| my

A=Y Fl. (1)

i=]

For V j, i the set Fi, in turn, represents an accumulation of data whose
¢lements are communications on the observations Rik (k = 1""’“ji)

n“
Fl=f14 X R,. (2)
A=t

The set £J s the heading of the file F;. The file heading indicates:

a) t] 1s the date and the main synoptic observation time (0000, 0600, 1200,
1800 GMT), entered in the particular file;

b) dl is the number of the model, using which data are entered in the file
(at the present time eight models have been developed, one each for aero-
logical, aircraft, meteorological and oceanographic observations, three
models for satellite observations and one model for observations of drifet-
ing buoys: -

¢) the vector Si = (Si 1,...,Sji ) (R€7 and S3,r<84 p41 for v r = 1...
L - 1), which indicates the types of data preéent in this file. All the
types of data planned for exchange during the FGGE period are given in
Table 1. As a rule, one type of data is entered into one file, but in a
number of cases data of similar types, such as oceanographic, can be com-
bined in one file.

For Vj = 1,...,6 the sets (files) Fi 1= 1,...,nu) are orderly arranged
_ on a magnetic tape at three levels:

1) with respect to increase in tJ; .

2) with respect to increase in d for equal td;

3) with respect to increase in SJ for equal ti and equal di.

One mass of AJ data can be entered into several volumes of magnetic tape if
one volume is inadequate for its entry. In this case each volume of mag-
netic tapes is formed in such a way as if that part of the data accumula-
tion which is entered in it does in fact constitute the entire data accum-~
ulation from the particular subcenter., The only requirement is that files
of data having an identical date and main synoptic observation time nat be
entered into different volumes of magnetic tapes.

lor \/j, i, k the communication Rik consists of the heading of the commun-
Leation rj, and the meaningful part of the communication Hik. The heading
of the communication contains the following characteristics: aik is the

113

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

shonq Bur3ijraqg

21ydealdoueadg

@anleiadwal 20BJINS BIS JO SIUSWSINSEIW
12A0D PNOTY JO SUOIIBAIDS]O
SuUOTIBAISSQO PUTM

£}s SSaTPNOTD JO SUOTIBAIISqO

Sutpunos

CRR S CRLTS
23TTT93ES
23TTT38s
°3TTT2788

231TTo3ES

sAonq pa33Tjano woil TedrSoToiozjzsw BIg

(4dIHS) sd1ys [eIOISWWOD PUB PaxXTJ WOl TeOTS0[0109313W BOg

(dONXS) SuoTlels punoid wolj OTIPWOINE PUB TEBNSTA

(SAIV “¥vaod “daUIV “¥vasy) 3IJeadaty

SUOOT[EBq TOAST-3UBISUOD WOIJ

33jeadare woij paddoip sjusmmalsur woxj

wolsAs QIVAVN Y3Tm pa3113ano sdiys moaj °pury

(4vavd °SOML) SIepPEl YaTm pa3iryano sdrys woiy ‘purpy

uooTieq 30TTd ‘urmea ‘SpuosoIpEY

suolleaiasqQ Jo sadAg

eleq I993 3Jo sadLg

T @19EL

18

LL 9L “SL ‘4L ‘€L ‘zL ‘1z
€9

29

19

16

Ly

(3

ve ‘€g

FANIR (3

%Z ‘€T ‘TT °1C
91

ST

9T

€1

¢T ‘11

lewioy 3994 UT S9OTPUT

114
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFITCTAL 18K ONLY

type of datn In the commmication, (“'[k Iy the latitude, ﬁ;{k 1y the Longi-
- tude of the place of observation, l’ik Iy the precige time of obscrvatilon,
B N{k Is the number of entries in the communication.
The main part contains the values of the meteorological elements; the values
for pressure, temperature, humidity, wind direction and veloclty must be
accompanied by quality control criteria.

The sequence of placement of communications Rik in each file Fi is determin-
ed:

1) by the increase in 10* latitude intervals from -90 to +90°;

2) by the increase in 10° longitude intervals from 0 to 360° for equal lati-
tude intervals;

3) by the increase in bik -~ the observation time for equal 10° latitude in-
tervals and equal longitude intervals;

4) by the increase in the type of data for equal preceding criteria,

With a coincidence of the headings
o

(e = i)
two communications are considered duplicates

(Ril Ry Rl; "“J)
The presence of duplicated communications in the masses of data arriving
from the FGGE territorial subcenters is determined by the very plan for the
control of FGGE data, since by agreement, each of the subcenters must col-
lect shiphoard meteorological, aerological and aircraft observations arriv-
ing through the GST channels from the entire earth. Due to the different

z reliability of reception, different for different centers, and also due to

the different procedures for quality control in the territorial subcenters,

the meaningful parts of the communication can differ, despite the coincidence
of headings.

We will denote that  Ff 0 Fk=0,

if £ = . =
or VIIHUJ%hv m L'“’%Q
there is satisfaction of the condition. ¥l o
. R # Ry
Otherwise FinF: 0.
) Similarly Al At =0, if for v p=1," M V ¢=...m,

there 1s satlsfaction of the condition F{;l nF{E:O,

Otherwise yy 0 A" 2.
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Under the FGGE conditlons, for ¥ § = 1,...,6 the accumulation of data Ad
cannot contain duplicated communications, that is, for Vi, 12 = 1,...,
my (1y = 12) there must be satisfaction of the condition

Fl.nFl =0
But, possibly, as was mentloned above, E‘j], Jo2 = 1,00y 6 (31 == J3) such
that . ’
- Ahpp A #0.
- The task of the Data Center for Ground Systems is the creation of a full

mass of data for each 10-day period in the experiment on the basis of six
masses of data sent by the subcenters without duplicated communications.

We will denote by A the mass of all data for a given 10-day period, which
mutually unambiguously correspond to the observations carried out. Then

6 & . :
A= UA=T A - T (ANA. (3)

J=t

=t n<p .

Due to the considerable complication of the problem with an increase in
the number of data masses to be combined, it was decided to combine the
data accumulations in pairs. Despite the almost double increase in the
need for computer time with such a sequence of work, the paired combina-
tion method has the following indisputable advantages:

—~ the program for combining the two data masses is considerably simpler than
the program for simultaneous combining of the six masses of data, it is more
flexible and it is possible to introduce local changes;

—- it 1s known that the time of receipt of data masses from "subordinate"
subcenters will not be identical and the program for paired combining will
make 1t possible to begin this "combining" process prior to the receipt of
all data masses; -
~- the paired combining program requires the availability of three input-out-
put devices, whereas the program for combining six data masses would require
seven such devices.

Thus, we will examine the problem of combining two masses Al and Az. In ac-
cordance with (3) we have

A=A A=Y FL+ Y F =YX (FinF.
P Q

P q

(4)

Since the combined data mass must satisfy the FGGE format, the sequence of
arrangement of files in the output volume of magnetic tapes must also sat-
isfy the above-mentioned "orderliness" levels.

The FGGE format for data registry is described in greater detail and more
formally in {1, 7].
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The task of combining FGGE data masses was carried out using a YeS-1022
¢lectronic computer. The program was prepared in assembler language. In
developingithe program use wae made of the principles of structural pro-
nrammingdi combination with the method of "top-down" programming [4-6, 9].
Structural programming is a programming method when the program is prepared
Lrom structural elements of only the three following types (base structures):
-~ sequentilal structure or enumeration; o

== distribution structure or choice;

-- repetitive structure or repetition,

- The most important and distinguishing peculiarity of the enumerated struc-
tures is the presence of a single control input and output point in them,
This rule must be satisfied for any combination of structures, that 1is, for
the entire program as a whole. In the structured program the relationships
between parts of the program are localized and ordered; this assumes pri-
mary importance when debugging the program and introducing changes [2, 3].

The essence of the "top-down" programming method can be briefly summarized
as follows. The first step is preparing the programming segment (the basis
of the future program) from symbolic names and propositions in the selected
programming language with a length of not more than 40-50 lines. This is
achieved by discriminating the most important (from the functional point

of view) sectors of the future program and substituting into the text of

the first interval the symbolic names of these sectors. In the second step
the first step nethod is applied to each of the defined functionally import-
ant sectors, that is, some plan of a sector of symbolic names and commands,
etc. is applied to each of the defined functionally important sectors.

As a result, we obtain a hierarchical system of quite short segments and

the upper-level segments are referenced to the lower—level segments, The

segments of the lowest level are already prepared completely in programm—
ing language.

The combining of the "top~down" programming method with structural programm-
ing means that each of the formed segments must satisfy the requirements of
structural programming, that is, the satisfaction of each segment begins
from the top (from the first operator of the segment) and ends at the bot-
tom (with the last operator) and there is no means for entering it or
ecmerging from it by any other method.

- The assembler language selected for developing the program for combining
the FGGE data masses has a well-developed macrolanguage which is most suit-
iible for realizing the hierarchical structure of the programs with the "top-
down" programming method.

However, it must be noted that the development of special macrodeterminations
is necessary for realizing basic structures in assembler language.

117

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

Such a macrodetermination was presented in [8], but it is inapplicable in the
Processlng system of the Ye$ electronic computer, and the development of
slmllar macrodeterminations by onedelf 1s quite time-consuming., Thercfore,
the basic structures were reallzed with use of commands of conditional and
unconditlonal control transmissions. Although this is a violation of sgtruc=
tural programming in its pure form, the very fact of construction of the
program from three basic structures is very useful, since it leads to a
conglderable ordering of the logic of the program and facilitates undetr-
standing of the program,

The result of the first step in the program for combining two data masses is
recorded on maghetic tape in the FCGE format with the exclusion of duplic-
ated communications and registry of the combined mass into magnetic tape
volumes in the FGGE format, that is, the actual program itself has the fol=-
lowing form:

B SECOND  BEGIN

CLEARANG
3) DOWHILE EQU *
4) FOREOV
B 5) ANALISIS SIGN
6) IF SIGN=¢ THEN MERGE
7) IF SIGN=1 THEN FILE ONE
8) IF SIGN=2 THEN FILE TWO
9) ENDWHILE DOWHILE
10) ENDWORK SECOND
1) EOVOUT  UNLOAD OUT
12) SETNEW OUT
13) SETINPUT
14) B DOWHILE

Propositions 1-10 correspond to segments which determine:

1) standard heading ("cap'") of any program in assembler language;

2) fultial forming of the volumes of magnetic tapes, printing of the
heading of the processing form and obtaining the first record-headings f%
and f% of the files F{ and F% (11 = 15 = 1); 1
}) commencement of cycle of comgining of data masses;

4) storage of the numbers of the input and output files from which the new
s#lx-hour data blocks begin;

3% output of the processing forms and analysis of the headings £}, an
rlz of the two Input files F}l and F2 . The parameters t}l and t 2 dil

i
and d% » S{; and .'S% are compared; a goincidence of all three parameters
Leans ghut éhc two fnput files must be combined into one file;

6) the combining (in the case of coincidence of the parameters t, d and §)
of the two flles F%l and Ffz into a single file with the exclusion of
dupllcated communications;

7)-8) reglstry of the file F}l or F%Z on the output tape;

-»>
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9)~10) analysts at the end of the eycle of combining of the data mass and
termination of processing == final forming of the magnetic tape outputswol-
tme,

Propositions 11-13 are for processing » situation when for registry of a
combined data mass it is not sufficient to have one magnetic tape volume
alone and it iy necessary to employ an additional volume for the output
data masg,

ALl the segments whose names were used in the main segment of the program,
clted above, other than the sepment designated MERGE, have 1-2 more levels
in depth and are quite simple. The MERGE segment, which is for the combin-
ing of the two data £lles into one, 18 more complex and its depth 18 mecag~
nred with six levels. We will clte an example of the MERGE segment:

1) MACRO

2) MERGE

3) HEADER

4) DOWHILER EQU*

5) SOLUTION PRIS

6) IF PRIS=¢ THEN QUALICON
7) IF PRIS=1 THEN REPORT ONE
8) IF PRIS=2 THEN REPORT TWO
9) FINISH DOWHILER -
10) OFORMIT

1) NEXTFILE

12) MEND

llere proposition 1 is the heading of the macrodetermination; proposition 2
== a prototype of a macrocommand -- determines the symbolic name of the par-
ticular segment.

I'roposition 3 corresponds to a segment which creates the heading of the file
obtained with the combining of two input files and introduces the headings

9 . 2 * = k = d

31 ki and €f, gy of the first (kg 2 = 1) communications Rf k; an

qiz ke Proposit;on 4 serves ay the commencement of the cycle e combin-

ing of two files into one. After one passage of the part of the program cor-
responding to this cycle (propositions 4-9) there is a changeover to the
next communication in one of the combined files or in both.

Proposition 5 corresponds to the segment for carrying out a comparative an-
alysis of the headings r% ky and rf{, i, of the communications R k1 and

1 i2 k2 1 -
sz ky+ An analysis is made of the parameters aj,, c(ik, B {k, bJ)» present
in the heading of each communication. Depending on which of the two commun- -
i cations Rh ky and sz Ky s preferable to be registered first, the PRIS
criterion 1s assigned the value 1 or 2. If the above-mentioned criteria are

inadequate for a solution (this means that the communications are duplicat-
¢d), the PRIS criterion is assigned the value &,
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Table 2

Welphta for Retlabllity Criterin

Value of rellabllity Degerdiption Welght
eriterion
0 No checking 3
1 Correct value 5
2 Questionable value 2
3 Erroneous value 0
4 Value changed in
checking process 1

Proposition 6 corresponds to the segment which with a value of the PRIS cri=
terlon equal to § a comparative analysis is made of the communications
R}l K and RZ ko The analysis is made on the basis of the quality con-
tro1*teteerialtof the principal elements in the communication supplied

by the territorfal subcenters. Each quality control criterion is agsigned
some welipght (Table 2).

Hging a recodlng command (TR) each contral criterion encountered in a par-
tlevlar communication ls converted into the corresponding weight and the
total welght of the particular communication Py, is determined (segment
QUALICON). In this same sepment there is a comparison of the total weights
P}l K1 and sz kp of the communications R{l Ky and Riz k2.

If P} K] < P} kgs then the PRIS criterion is assigned the value 2 and
there is a teu%ing of the heading ri kj of the next (ky = ki + 1) com-
tunication R% ky (that is, the wors o% the duplicated communications is
omitted). However, if P} K12 P%Z kps the PRIS criterion is assigned the
value 1 and we read the %ea ing r%z k2 of the next (k2 = kp + 1) communica-
tion Riz k2.

Proposition 7 corresponds to a segment which (1f the value of the PRIS cri-
terfon is equal to 1) accomplishes registry of the communication R 1 k1
into the combined file and then the input of the heading r%l k1 of the

next (k) = kj + 1)~th communication Ry; ki.

Proposition 8 corresponds to a segment which (if the PRIS criterion value
is equal to 2) performs the same operations as the segment in proposition
7, but with respect to the communication sz k2.

Propositions 9-11 correspond to the segments which perform an analysis at
the end of the cycle of combining of files, finalize the combined file

in accordance with the requirements of the FGGE format, and accomplish
the input of the headings of the next files in both input data masses.
Proposition 12 is the end of the macrodetermination, determining the seg-
ment.
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Thun, although the use of assemblor language In this program did not make
Tt posnlhle to create a fully dtructured program, the application of the
atructured programming principle In organizing the propram was extremely..
ugeful In the debugging stage In the program and the introduction of
changes (caused primarily by changes in the FGGE format) and made it pog=
4ible to reduce the time required for debugging of the program and making
preparations for the FOCE test period.

The program was used for combining the masses of test data received from
the Unlted States, Sweden, Great Britain and Japan and prepared in Soviet
FGGE centers,

The time for operation of the program with the merging of two magnetie tapes
with 10=-day data masses is about 30 minutes.
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UDC 551.46:681.,03,006

AUTOMATION OF COLLECTION, PROCESSING AND ANALYSIS OF OCEANOGRAPHIC
INFORMATION ON THE BASIS OF SMALL BELECTRONIC COMPUTERS

Mogcow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 95-98

[Artlcle by V. A. Volkov, Yu, A. Grodetskiy and V. V. Lukin, Arctic and
Antarctic Sclentific Research Institute, submitted for publication 6 Jan=-
vary 1978)

Abstract: The authors examine the basic prin-
ciples for the routine processing, systematiz-
Ing and analysis of information on the basis

of small electronic computers under expedition=-
ary conditions corresponding to the present-day
nature of oceanographic research and the modern
requirements on data processing. The article
glves the procedures for use of small programm-
able electronic keyboard computers (PEKC) as
the basls for computation centers for exped-
itions not having large electronic computers.
There is emphasis on the desirability of using
PEKC for automating the collection and primary
processing of data on scientific research ves-
sels outfitted with large computers. The ar-
ticle also gives an analysis of experience in
operation of a computer complex on the basis of
the "Iskra-125" PEKC on the high-latitude air
expeditions "Sever" of the Arctic and Antarctic
Sclentific Research Institute of the Main Admin-
istration of the Hydrometeorological Service.

[Text] Oceanographic investigations long ago ceased to have a purely geo=-
praphical, descriptive character. Now purposeful investigations are being
made of the laws of physical processes transpiring in the waters of the
world ocean. Recently the investigations assumed exceptionally greater
scales, which is attributable to the ever-increasing importance of the
ocean and its resources for man's economic activity.
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Oceanographic expeditions are very diversified in thelir objectives, the
perdonniel employed and the equipment used. In addition to purely sclen-
tific objectives, problems of a practical nature are being formulated

ard solved, such ag the collection of hydrometeorological information

for prognostic purposes, planning and research work and the quest for Fish.
Hajor experiments at sea have now become commonplace; they cover relative-
ly large but localized ocean areas (these expeditions: Atlantic Hydrophysg=
leal Polygon=70, TROPEKS=74, POLEKS-5ever-76, POLIMODE and others). Such
Investigations are no longer being carried out by individual scientific
tegearch ships, but by detachments of ships, frequently belonging to dif-
ferent departments or even different countries,

Uceanologists are turning more and more to investigations of fine hydro-
logical structures, small=scale interaction between the ocean and the at=
mosphere, which requires the development and use of gelf=-contained low-in-
crtia measuring apparatus giving a considerably greater flow of informa-
tion than ordinary Ilnstruments.

Thus, the volume of fuformation obtalned on a modern oceanographic expedi-
tion 14 undeviatingly increasing and researchers are being faced with the
problem of 1its processing, the solution of which is impossible without the
use of computers., The processing of observational data must be carried out
routinely, which is dictated, first of all, by the necegsity of transmis-
sion of data for the forecasting services; second, by the necessity in a
number of cases to introduce corrections into the research program as re-
sults are obtained, that 1s, carry out so-called "controllable experi-
nents," which corresponds to a purposeful nature of present-day research
in the ocean., At the same time, routine processing makes possible a con-
stant monltoring of the quality of observational data.

The processing of the information collected on an expedition can be divid-
ed into three types: primary processing, systematization of observational
data, analysis.

The primary processing of observational data can be reduced essentially to
computations and introduction into the instrument readings of all possible
vorrections -~ with the use of traditional (nonautomatic) measurement in-
truments and methods which at the output yield an electric signal -- and
also a conversion of coded data into the generally employed form. In the
second case the problem also arises of compression of information at a
real time scale.

intil now the systematizing of data has involved the compilation of differ-
ent specialized and composite tables. Now, when virtually all types of
oceanographic fnformation are being subjected to analysis on electronic
computers, the collected information must be incorporated on a computer
carrier (punched tape, magnetic tape) and it would be natural, parallel
with forming these tables, to create archives of hydrometeorological data
on a carrier suitable for input into an electronic computer. The systemat-~
fzation also includes the process of sorting of data and preparation of all
possible intermediate and sample files,
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The flnal form of data processing is analysis, The specific Forms of an-
alysls are determined by the researcher himself in accordance with the
purposes of the experiment. This clags of problems 1s the most diversif-
Led,

Thus, the dystematizing of material 1s the logical ending of primary
processing and 1s the basis for analytical computations. It is necessary
to be gulded by this thesis in formulating prineciples for the mathemat-
feal support of systems for the automated processing of observational
data using electron computers.

The Hydrometeorological Service system has already acquired definite ex-
perience in the use of electronic computers under expeditionary condi-
tions on large sclentific rescarch vessels on which intermediate~class
vlectronic computers of the "Minsk=32," YeS$=1022 and other types have
been Installed. The application of this experience to oceanographic ex-
peditions based on small and intermediate ships (and they are the great
majority == several hundreds), drifting stations, etc. is not feasible
and frequently Lt 1s simply impossible due to unwieldiness, expense and
complexity in operation of the mentioned machines.

As 13 well known, there are also electronic computers of a smaller size.
‘the first computers, later given the name "minicomputers," were the PDP-5
and PDP-8 computers produced by the American DEC company, appearing in

1963 and 1965 respectively., The idea of a minicomputer is very simple:

in these instruments there is a programmed performance of all elementary
transformations of data in an arithmetical-logic device, in the last anal-
ysis performing sume operation. Such an approach made possible a marked
reduction in the size and cost of the electronic computers (although at

the expense of some qualities -- speed, volume of the directly addressable
nemory). In a whole series of cases it has proven justifiable to place such
an electronic computer at the disposal of an individual laboratory or
scientist. Minicomputers have come into extensive use in scientific experi-
ments and in the control of production. The best known modern computers of
this class in the USSR are the M~6000 and M-400, and abroad -- the DEC
family of computers PDP-11.

Further improvement in the technology of components and new ideas in the
architectural desfigning of electronic computers have led to the appear-
ance of minicomputers, with respect to their size being virtually personal
table-top machines for the researcher and having considerable functional
capability.

Among these computers we can mention those which can arbitrarily be called
program-controllable electronic keyboard computers (PEKC). Their character-
Istic peculiarities are the form of storage of the programs in the opera-
tional memory unit (OMU). -

As {3 well known, the usual sequence for carrying out a program involves

lts introduction into an electrenic computer in some initial high-level
language, such as FORTRAN, {ts translation into an objective code --
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the program in a computer code and work with the resulting program. Such

a method makes 1t possible to obtain an effective program, but requires

the availability of a large-volume memory unit for holding the program=-

- translator., Additional mathematical support is required for debugging the
program in computer codes.

A different principle is used in PEKC, In the PEKC OMU the program is stor-
ed In the initial language and the program ls carried out by means of suc-
cessive interpretation of the operators, The program for the interpreter

{s stored together with the other controlling programs in the permanent
memory unit (PMU).

As a result, the PEKC 1s very simple and convenient to use. It is ready for
operation immedlately upon being turned on and does not require initial
warmup. The programming for it is not complex since its input language is

a high-level language. The debugging of the programs is very simple because
the PEKC 1s provided with a display on which it is possible to indicate the
program, places where there are malfunctions or stoppages, and the editing
is accomplished directly from the computer keyboard by checking the text of
the program on the display screen, With a PEKC provision is usually made
for the attachment of a large array of external devices. In addition, the
PEKC can perform the function of automated collection of information by con-
necting measuring instruments to it. Such an approach reflects the modern
trends in the construction of measurement complexes as programming-instru-
ment complexes.

Among the foreign PEKC it is possible to mention, for example, the Wang-2200
and the very high-capacity IBM-5100. In the Soviet Union the "Iskra-125"
PEKC 1s being produced, the "Tskra-1256" is being made ready for produc-
tion and the four-program "Iskra-126" has been developed.

it is easy to see that this modification of the minicomputer is the most
successful and universal means for automating the processing of observation-
al data under erpeditionary conditions. Precisely PEKC, having a consider-
able computer capacity and making it possible to create complexes with a
areat number of external devices, have, despite a small size, a quite high
degree of operability and a maximum simplicity in servicing; the programm-
ing system is simple and graphic.

Un the basis of the analysis which has been made of the problems facing
oceanographic detachments and the experience now available in the opera-
tion of PEKC, it is possible to determine precisely the complex of appar-
atus for an expeditionary computation center and the characteristics of in-
dividual apparatuses.

- In addition to the PEKC, the complex must include:
=~ an alphabetical-digital input-output printer with a wide carriage;

-~ 1-2 memory devices with direct access -- storage on magnetic disks;
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~= 2-3 memory devices with congecutive acceds =-- cassette storage units on
magnetic tape (KNML);

~= curve plotter;

-~ punch tape equipment == puncher and photoinput;

-~ matching devices with regearch instrumentation.

The printout unit is intended both for dialogue control and monitoring of
problems and also for the input-output of the computation results. The
length of a line for the printout unit must not be less than 65-70 symbols
in order that there be a possibility of printout of standard oceanographic
documents, such as the TGM=3M table (by parts), KGM-6 and other tables. At
the present time the most reliable device of such a type, despite the fact
that it is outmoded, is the teletype.

he presence in the apparatus of storage units with direct access 1s neces-

sary for the storage of programs and reference data, such as instrument cer-
tLficates. The use of such storage units removes the restrictions imposed

by the small volume of the PEKC OMU. The most suitable with respect to size,
cost and speed of exchange of information are elements of the type of stor-

age units on flexible magnetic tapes.

Magnetic tape storage elements are intended for the organization and stor-
age of data archives. Among the tape elements, cassette storage elements

Are the most compact and reliable and the most suitable for expeditionary
condltions. The mentioned number of units (2-3) is necessary for the sorting
of information, the preparation of intermediate and sample files.

The purpose of the curve plotter is obvious -~ representation of the results
of individual observations or computations in graphic form.

Punch tape devices must be reserve equipment for the input and output of in-
formation and also are used for the input of data prepared, for example, in
such a wldely used apparatus as the teletype.

In order to control the mentioned complex of apparatuses effectively and
carry out computations, the PEKC must have an OMU volume of about 2-8 kb
and a speed of about 103 operations per second. It is desirable that there
be an "interruption" system and a channel for direct access to the memory
for speeding up its loading. The operation of the PEKC with its external
devices must be supplied with input language microprogramming operators.

At the present time Soviet-produced PEKC do not meet all the mentioned re-
quirements simultaneously, but the "Iskra-1256" PEKC, whose production is
beginning in 1978, already makes it possible to create an expeditionary
computer complex in full volume. The brief specifications of this computer
are as follows: volume of OMU ~- 4 kb; input language —- BEYSIK (Basic);
interruption -- present; display -~ television (8 lines with 32 symbols
cach); built-in KNML -- present; direct access channel -- present; dimen-
#ions -- 480 x 520 x 400 mm; mass -- 39 kg.
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The effectiveness of the computation systems ls determlned not only by
the teelnteal dpectfieat tons of the apparatus, but alsoe by the propramn-
Ly, wapport,

The archltecture of programming support, that lg, the loglcal tie-in,

{nteraction and some standardized formulation of programs, must reflect

lts end purpose. Among the architectural peculiarities of the set of

oceanographic programs we must inelude: v

== tle=-in of the programs to the archives,

~- nondependence of the programs for the processing of primary information

on the form of its input and the type of the carrier,

-=- nondependence of the data processing programs on the output programs,

-~ monltoring of the implementation of tasks in a dialogue regime through
_ the dispatcher's panel.

The first point ls the most important because the purpose of all oceano-
iraphic expeditions s the collection of information on some region and

an archlves of the results of observations stored on any technical carrier
Is the object and essence of virtually all programs. The presence of
speciallzed detachments on any expedition and the singularity of determin-
ation methods results in a nonuniformity of the receipt of the results

for Indlvidual elements at the computation center and therefore the op-
timfzatlon of organization of archives for facilitating access to individ-
ual elements of the formed files and the availability of sorting programs
are a mandatory condition for the effectiveness of all programming support.

The requirement for a nondependence of the processing programs on input-
output programs is making it possible to limit the number of modifications
of one and the same programs and is increasing their quality at the struc-
tural level.

The use of a dialogue regime for monitoring and controlling tasks will make
it possible to avoid excess manipulations with the PEKC keyboards and makes
the control process simple and graphic. This is very important because un-
der expeditionary conditions at times it is necessary to use specialists
who do not have special training as operators.

At the present time, specialists at the Arctic and Antarctic Institute have
already accumulated definite positive experience in the automation of ex-
pedlitionary oceanographic work using PEKC. Such work has been carried out
at the institute since 1975, when a computation center for the processing
of observational data on the basis of two "Elektronika~S50" minicomputers
functioned on the high-latitude aerial expedition "Sever-27." During sub-
sequent years work on automation received further development. Computation
complexes were created on the basis of the more powerful and modern model
of the "Iskra-125" PEKC.

The inclusion in the standard outfit of the "Iskra-1251" of an additional

"magazine~type" unit for storage on magnetic tape, a teletype, a two-coor-
dinate curve plotter (LKD-4) and also FS-1501, PL-80 punched-tape input
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and output devices, although it was necessary to develop devices for a
I lnk=up with the PERC itself, to a considerable degree there was a broad-
enlng of the capabilities of the computer complex.

For this complex the speciallsts at the computation center and in the ocean-
ology division of the Arctic and Antarctic Selentific Research Institute
have created a set of purposeful and systems programs. The purposeful
programs cover the primary processing of all standard types of deep-water
lydrological and hydrochemical observations with the simultaneous plotting
of information on a technical carrier (magnetic tape, punched tape) and
with a printout, by means of teletype, on specially developed report forms
vloge to those generally adopted (KGM-6, KGM-9, etc.); systematization, out-
put of systematized material in the form c¢® "hard copies" to the teletype
(TGM=3M table) and also some forms of analysis: T-S classification of
water masses, ccmputations of their heat content, calculation of circula-
tion of waters by the dynamic method, calculation of vertical stability

- of waters and elements of autumn-winter convection, calculations of the
speed of sound, etc,

The availability of means for clearing the OMU of the PEKC and the possib-
ility of segment-by-segment loading of the programs from the external stor-
age units (KNML [storage on magnetic tape], photoinput) made it possible

to formulate programs considerably exceeding the volume of the PEKC OMU.
Thus, the program for computations and printout of the TGM-3M table has

a length of 7,000 elements with the OMU volume in the PEKC having only 876
clements.

The need for systemic programs arose due to the use of nonstandard exter-
nal devices not ensured with microprogramming input language operators,
and also for convenience in checking and sorting the information recorded
on the magnetic tape.

The monitoring of the programs is accomplished in a dialogue regime by
means of teletype. Provision is made for checking the correctness of data
input. Operation of the computer complex demonstrated its high effective-
ness and reliability. The work productivity in processing of observational
data increased by three or four times.

The specifics of operation of the high-latitude aerial expedition "Sever,"
carrying out an oceanographic survey of the Arctic Ocean, was such that

the site of basing of the expeditionary computation center (ECC) frequent-
ly changes. This results in a repeated repacking of equipment and prolonged
aerial transport. For example, during two months of work in the spring of
1977 the ECC operated at five different Arctic points, including the drift-
ing station "Severnyy Polyus-22," covering a path in the air of about 20,000
km,

The positlve results of operation of the ECC on the "Sever" expeditions

vere obtained under conditions which evidently are the most severe of all
those which can be encountered on any oceanographic expeditions. This also
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vonflems the point expressed In this article that it Is necessary to
construct expeditionary computation centers on the basis of PEKC and on
the effectlveness of the proposed architecture of the complex and its
programmed support. :

In conclusion 1t should be noted that the described computer complexes
should be used for monitoring the collection, primary processing and sys-
tematizing of observational data and also on scientific research vessels out=
fitted with large computers, in each of the detachments, assigning to the
large electronic computer the function of analysis and the higher system-
atization stages. This makes the entire system for collection, processing,
systematization and analysis more reliable, flexible and uaniversal and
simplifies its operational system,
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METHODS OF IMAGE RECOGNITION THEORY IN PROBLEMS INVOLVING ANALYSIS AND
PREDICTION OF METEOROLOGICAL FIELDS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 99-105

[Article by Candidate of Physical and Mathematical Sclences Yu. V. Semen-
ovskiy, Central Aerological Observatory, submitted for publication 31
May 1978]

Abstract: The article describes a method for

the analysis and prediction of meteorological

fields based on the ideas of the theory of

image recognition. A new version of the rec-

ognition method is given. The axiomatics of

a unlversal classifier is given and a numer-
) ical algorithm of the classification has been

- developed.

[Text] Introduction. The image recognition theory methods intensively
developing during the last decade are now also beginning to penatrate
into meteorology. It is sufficient to mention the work cycles carried

out at the Central Asian Regional Scientific Research Hydrometeorological
[nstitute under the direction of G. V. Gruza and at the Hydrometeorolog-
ical Center under the direction of N. A, Bagrov. The attractiveness of
these methods 1s attributable to the fact that they are a natural general-
ization of statistical methods in the problem of extracting the maximum
information from meteorological archives and therefore they are a conven-
ient and at the same time an exceptionally effective method for the anal-
ysis and prediction of meteorological fields. It is no secret that the
itctually used long-range forecasting methods are in essence synoptic-
statistical methods. Therefore, the possibility of increasing the effect-
lveness of synoptic-statistical forecasting methods is the chief premise
for employing image recognition methods.

Another peculiarity of image recognition theory methods is that they con-
stitute a mathematical approach for the formalization of synoptic methods,
for objective search for and analysis of the natural states of the atmo-
sphere. It therefore seems that recognition methods will help in closing
the gap between synoptic-statistical methods, on the one hand, and numer-
tcal hydrodynamic modeling, on the other.
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The problem of the maximum use of already available meteorological inform-
atlon (o analysis and prediction has two sides, The First side is tech=
nical. This is the creation of a general meteorological archives on com-
puter carrlers, special meteorological archives, the theory of represent-
atlon of meteorologleal fields, systemic complexes of programs Tor hoth
exploitation and retrieval. The second stde of the problem 1s in the e4-
dence of the methods used in data processing and their effectiveness in"
_ computations,

In this study we give the general outlines of a method based on the ideas
of image recognition theory, making it possible, in the author's opinion,
to make appreciable advances in the effective use of the meteorological
prehistory for the purposes of analysis and prediction of meteorological
fields. In addition to the term "recognition," we will use the narrower
terms "grouping" or "classification."

The principal premises of the method are as follows:

l. Existing statistical methods for the analysis and prediction of meteor—
vlogical flelds contain very strong assumptions concerning the statistical
nature of the processes. Therefore, the optimum method must not encumber
the statistical structure with data, but must reveal this internal struc-
ture.

2. The method must be based on a clear general mathematical axiomatics, be
quite flexible and allow variations. The number of axioms and undetermined
parameters must be minimum.

3. The method must allow a tie~-in to hydrodynamic models.
4. The method must have a high computation effectiveness.

These diverse requirements also led to the well-developed approach of image
recognition theovy or (more narrowly) a machine classification. Otherwise
this method is known as learning without a teacher, grouping, etc. The de-

- vice (computation program) for effectuating these methods is called the
classifier of the objects. In application to weather forecasting, the general
formulation of the problem is beyond the limits of machine classification
and constitutes the following chain of problems.

Representation-Classification-Prediction

The first stage involves an effective description of the specific states of
the atmosphere in the form of criterial vectors. In the second stage, class-
ification, on which the emphasis is placed in this study, there is a break-
down of the sample of the criterial vectors into classes, the internal
structure of the sample is thereby determined, and the data are analyzes,
The third stage, prediction, operates with the statistics of causal-temror—
al transitions between classes.
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The principal physical idea of the method ~an be summarized as follows:

"The representative sample of states of the atmosphere 1s a set of inhomo=
gencous point sets, which, differing in internal structure, form noninters
sectling clasges "

This assertion 18 in essence the hypothesis of the existence of stable
meteorological states (classes) in the atmosphere. The available series of
evidences in support of this hypothesis (for example, see {6, 7]) is still
not decisive. The final objective answer can be obtained only on the basis
of a machine classification of a representative sample of meteorological
gtates of the atmosphere.

Now we will proceed to a detailed exposition of the principal stages in the
proposed method.

Representation

This stage in the method is essentially clear. The procedures for recon-
structing the fields of meteorological elements on the basis of data from
point measurements (objective analysis) have been well developed. These are
the methods of generalized Fourler series, in accordance with the continuous
fields glving the vector of the Fourier coefficients; sometimes expansions
In natural orthogonal functions, etc. are used. This means that the repre-
sentation problem is solved if the representation axiom (RA) is stipulated.

RA: There 1s a rule R establishing a correspondence between the continuous

(field) description of the state of the atmosphere at a specific moment (or
In a specific period) in time and the discrete criterial vector ¥ = .

Thereby the inverse rule R-1 has been determined and exists; this makes it

possible, using the ¥ vector, to reconstruct the initial state of the atmo-
sphere.

But in the practical application of representation methods, especially for
the representation of three-dimensional global fields of meteorological ele~
ments, the effectiveness of representation, that is, the information content
of components of the X vector, begins to play a highly important role. The
vell-known "curse of large dimensionalities" has the result that many well-
developed methods are forced to yield before the necessity for operating
with objects whose dimensionality is of the order of 102. In light of what
has been said it is clear that pure computer technology, based on specific
algorithms, has unquestionable advantages. As an example, we point out [4]
that programs classifying objects with a dimensionality of about a hundred
or more are already successfully functioning.

In order to increase the effectiveness of representation, that is, for re-
ducing the dimensionality of %, there are special methods, such as, for ex-
ample, the correlation-regression method, image recognition theory methods,
and others [1].
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Provedures such ag the use of meteorologleal standavds as bagse funct Lons
can be propused for testing; these are specific for meteorology. Meteor=
vlogleal standards can be obtained formally on the basis of image recog-
nition theory, but it is simpler to use a small number of stylizations of
typical synoptic processes already firmly established in meteorological
practice (for example, "eyelone," "center of action," "planetary wave,"
QtCs)o

_ [t can also be useful to apply the physically clear parameterization pro=-
cedure similar to the way in which it {s used in numerical hydrodynamic
forecasting models. The higher Fourier harmonics of the field expansions
are averaged elther over the entire wave spectrum or in its parts and this
(one or more) averaged parameter is included in the vector of criteria
characterizing fleld mesostructure.

llere it 1 fitting to mention still another characteristic feature of rep=-
regentatlon for the purposes of long-range forecasting. The rule R must
evidently describe only the "principal," "planetary" characteristics of
meteorologlcal fields, and the small-scale processes must be parameteriz-
vds In addition, it 1is useful to include additional components in the vec-
tor of criteria which a priori can represent some prognostic value. These
ilmost undoubtedly should be nonadiabatic factors; they can be the para=
meters of solar activity, the characteristics of the world ocean, etc.
Therefore, the representation of R, on the one hand, is somewhat less in-
formative than the initial fields due to the "coarsening" of the descrip-
tion of mesoscale phenomena, but, on the other hand, it contains additional
information.

In summarlzing what has been said, it must be concluded that there are no
general "formulas" for selecting an effective representation., The specific
form of the initial data, together with the specific formulation of the
long-range forecasting problem, should themselves determine the optimum
combination of the approaches enumerated above. It remains only to assert,
proceeding on the basis of the simplest evaluations, that the dimensional-
ity of the vector of criteria, with different degrees of effectiveness of
representation of three-dimensional meteorological fields, falls in the
range from fifty to several hundreds, which makes the meaningful problem of
long-range forecasting entirely realizable for computer analysis methods.

Classification

The idea of using classification for the purposes of analysis and predic-
tion of meteorological fields is not new. Approaches which are extremely
close in essence are the prediction methods based on analogues, investiga-
tions operating with such concepts as rhythm, natural synoptic season, etc.
These studies are associated with the names N. A. Aristov, N. A. Bagrov,

G. V. Gruza, N. I. Zverev, A. L. Kats, S. T. Pagava, D. A. Ped' and many
other well-known meteorologists. As a result, that which is presented be-
low must be regarded simply as a mathematical realization in most part of
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Already known ideas, as an effective computation tool making it possible to
reallze these ideas for a meaningful planetary prognostic problem on the
hasis of representative meteorologlcal archives, It can be hoped, to be
sure, that the use of this new computation technique will also lead to
qualitatively new results, but this is a matter of the future.

Now we will proceed to classifiecation., We will assume that the represent-
ation problem is solved. We have a set of vectors of state (criterial vee-
tors) =- a sample, Each vector ¥, in accordance with the R representation,
corresponds to the state of the atmosphere at a definite moment (in a def-
inlte pertod) in time. The volume of the sample is M, the dimensionality
of the vectors is N. The components xp, of the vector ¥ are identically
informative up to the classification procedure. For this the criteria x,
of the vector ¥ are normalized and centered, so that the dispersion of all
the criteria in the sample is equal to 1 and the mathematical expectation
18 equal to 0. This procedure is not mandatory, but is convenient, if a
universal classification 1s proposed.

Definition 1. The classifler is saild to be universal if its axiomatics does
not contain assertions concerning the nature, structure or peculiarities
of the teaching sample uf data.

The samble im represents points in sample space D with the dimensionality N.
The first axiomatic classification, naturally, is the axiom of the metrics
A-1.

A-I. A rule is established which in accordance with Epe indicated pertinent
vectors kg, %ky deternines the nonnegative value p (xy, ij) -~ the distance
between the points satisfying the triangle inequality.

There is a great diversity of the metrics used in the classification (2, 9].
It is reasonable for a universal classification to use very simple quadratic
Euclidean metrics, since the more complex metrics already themselves contain
implicitly some classification principles. Thus, Euclidean metrics makes it

possible, at least, not to increase the number of axioms.

daturally, the most meaningful are the axioms of the classification prin-
ciples. The fact is that the classification problem is in essence the prob-
lem of formation of concepts [8]. The necessity of recognizing the class
property for some group of points in sample space is equivalent to the for-
nation of a new concept. Accordingly, the universality of the classifier is
to a certain degree conditional, like the universality of the axiomatics.
fut the practical difference in the known classification principles was
small. This was convincingly demonstrated in [4]. Evidently, today the
bottleneck in image recognition theory is not the classification principles,
but the effectiveness of the numerical algorithms for their realization.

Among the best known image recogniiion methods we should mention the follow-
ing:
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I The method of near dechiton Cunctlony, hilstorleally related to the
studles of Flsher,

2, The Braverman potential functions method,

3. The Bayes method.

4, The method of extrema of a sample distribution density, frequently at-
tributed to Parzen,

Definition 2, The problem of classification of an "unmarked" sample with an

unknown number of classes is called taxonomy, grouping, learning without a
teacher,

Below, among the enumerated recognition methods, for the considered taxonomy
problem we selected a method based on an analysis of sample density. This
cholce was dictated by two factors. First, the classification axioms for
this method are more general, more formal; these correspond better to the
spirit of universal classification. Second, precisely for this method it

was possible to construct an extremely economical numerical alporithm,

which is important in problems with a preat dimensionality.

The method was subjected to considerable editing. The principal change re-
lates to determination of sample density and is reflected in the density
axiom A-11.

A-11. There 1is, determined in the sample ﬁﬁ, a positive function fr(:), known
as the sample density in the averaging radius r, monotonically dependent on

_ the number of sample points falling in a hypersphere G with the radius r
and with a center in X and it can be dependent on the local structure of a
point set belonging to the mentioned hypersphere.

A peculiarity of this definition is that the sample density is calculated
for a particular element of the sample with the use of only those elements
of the sample which are distant by not more than r from the initial element
(moving averaging). The next factor which must be taken into account with

A sample fr(;) is the very low density of the point set in the sample space
of a great dimensionality. Therefore, in order to still further increase
the smoothness of fr(I) in the sample it is desirable to draw on informa-
tion on the microstructure of the point set within the hypersphere G.

The following variants of the choice fr(;3 illustrate this problem:

- ~ (1)
I (x) = S, (x),
(2)
£3(x) = S, (Rp (R), 3)

Moo= X tp(x .
X €6, x5k
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Here §.(%) 18 the number of points %, such that X4 €G, P 18 the mean dis~
tance of the points %1€ 0 to the point %.

Formulas (2) and (3), in addition to the local numerical density, take into
account in some way the connectivity of the points ;i € G with the center
of the hypersphere, This, generally speaking, is not introduced into the
classification, since the idea of connectivity is already contained in the
definitlon of classes as nonintersecting sets. There are, to be sure, other
possibilities for taking the microtopology of the sample into account. In
other words, all the arbitrariness in the classification in the considered
method 18 concentrated in the averaging parameter r and in the choice of
the form of sample density fr(X), which 1s more attractive than the use of
a Parzen sample density [10]. The Parzen density is computed in the entire
sample using correlation matrices, the form of its problems; the single par-
ameter h does not have such a clear interpretation as the averaging radius
r.

The last axiom of the universal classification is the classification prin~
viple axiom.

A-111. The maxima in the sample density fr(;3 in the sample are the centers
of the classes, the "passes" and "valleys" in the surface £p(¥) == the lim-
its of the classes.,

The axiomatics of the universal classification is completed. It can be shown
that the objective has not been attained; indeed, the number of clases has
not been determined. The function C(r), where C is the number of classes,
was obtained, but the optimum r (that is, C) was not selected. A natural
axiom, formally closing the classifier, is the "object' axiom (quality of
the classifier). The point of view of the author of this study is that the
"object" axiom must fall outside the universal classification and determine
the so-called optimum classifier,

Definitfon 3. The classifier is said to be optimum if its axiomatics in-
cludes the "object" axiom (quality function, grouping criterion, "object"
function, etc.).

The reasons for such a discrimination of the "object" axiom are clear. The
universal classifier operates only with an abstract structure of the data.
At its output it gives only possible variants of the breakdown of data into
classes (C = C(r)). It does not use information on the physical nature of
the object and the objects of recognition are unknown to it. The researcher
must stipulate all this by means of the "object" axiom. For the weather
forccasting problem the minimizing of the forecasting error can be such an
axiom.

Classlfication Algorithm. Description of Classes
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The computation aspects of the classification problem are frequently over=
shadowed by the clreumstance that the firat practical results were obtain-
ed for relatively small dimensionalities of sample space. This matter has
boen glvén due attention only now, when the need has arisen for manipulatw
lng objects described by several hundreds of parameters. As clearly indi-
cated in the monograph (3], from the computation point of view the mogt
effective clagsification algorithms are the methods using the ideas of

the theory of graphs. In these methods only the distances between pairs

of points are computed, that is, the number of computation operations of
the order N, the dimensionality of sample space, These considerations served
as a basis for the classification algorithm presented below for the sample
density extrema method,

The essence of the algorithm is as follows, We find the element ¥1 of the
dample Q in which fy(X) attains a maximum value. This element is a first-
class center, The sample vectors, belonging to the first clags, are de-
termined as follows. We form a sequence of chains (similar to the minimum
covering graph), each of which satisfies the following rules.

-

The chain Iy (F): P -y,
L. The element Xi4] is the closest to Xy} for the sample Q~(xi.. .\ %i-y):
2.

Sr () <10 (20D
3. The element 2“(6 rk(ia) is a set of first-class boundary points.

The transition from k to k + 1 involves a truncation of the sample Q =
Q\ lk)U X1. Transition to the second class is accomplished by truncation
of the sample

Q== ONIL (2 + v oy Iy (x) etc.

A result of operation of this procedure is a breakdown of the sample into
classes with a stipulated averaging radius r. The following information

Is known about each class: list of elements, number of the central element,
set [T of boundary points.

Since the initial sample is considered as a teaching sample, for the new
clements, 1f their number is small and there is no need to "reteach" the
classifier, it is necessary to formulate an identification procedure. This
ls usually achieved by computation of the separating functions. In the con-
sldered case the problem to a certain degree is simplified by the presence
of informatfon on the boundary points of each class; therefore it is pos-
sible to use, in accordance with [5], the very simple algorithm of divid-
ing standards. If a hypersphere is used as a standard, the procedure of
description of class will seem quite simple. The first hypersphere is con-
structed from the center of a class with a radius equal to the distance

to the necarest boundary point. The class elements entering into it arn ex~
cluded from the class 1ist, then the next element, giving the maximum of
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the function fr(:)» is found, It 18 used as the center of the second
hypersphere. Its radius 18 equal to the distance to the nearest remain-
Ing boundary points, ete. Thus, the description of the class consists of

it geries of hypersphere parameters. Such parameters are the centers of the
hyperypheres, radii, number of sample points entering into the hypersphere
(welght of the standard),

This method for describing a class 1is interesting in that it makes it pos-
sible to obtain the accompanying statistical information. Indeed, the
curve connecting the centers of the description hyperspheres (standards)
in essence determines a nonlinear intraclass regression. A comparison of
these curves for different classes can to a certain degree characterize
the quality of the classification and thereby be a quantitative argument
in the key problem of the existence of stable states (classes) in the at=
mosphere,

Prediction

Since the elements in the sample are the meteorological states of the atmo-
sphere, they are interrelated to one another by causal-temporal relation-
ships. The use of classes instead of sample elements makes it possible

to study the statistics and structure of the temporal transitions between
classes. This, indeed, is the principal difference between recognition
methods and prediction using analogues. A classifier, similar to a weath-
erman, finds the common characteristics in many meteorological records

and combines them into groups. The only difference is in the computation
capabilities of an electronic computer and the objective nature of the
classification.

Thus, in the prediction stage the object of the investigation becomes the
oriented forecasting graph, the "peaks" of which are classes, whereas the
sides are the temporal transitions between classes. Generally speaking,
recognition methods here also suggest a formal procedure for selecting the
final number of classes. This is the so-called decomposition problem, in-
volving a breakdown of the graph into parts most strongly related to one
another,

llowever, it seems that the "object" axiom must not be formal., In the pre-
diction, as already mentioned, it is natural to require a minimum of the
forecasting error. A requirement which is close in sense is the optimiza-
tion of the forecast with respect to information content simultaneously

with the statistical significance of the transitions between classes.

Tthere can be other variants of the classification criterion. It is only
clear that the case of one class C = 1 is not of interest, whereas the
case C = M, where M i3 the sample volume, leads to a prediction by the
inalogues method. Accordingly, there is an optimum (in some sense) number
of classes Cop = c(rop). We will satisfy ourselves only with a statement
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ol thin sltuatlon, varrylng out more speclfle Investlgatlony In connect ton
with the formulation of the corresponding optimization problems. Then we
will asgume that the number of classes € is known and we will define a
possible forecasting scheme.

We will arrvange the sample undergoing the classlfication stage in a chron-
ological series. Assume that Ayye0ayAg are the classes of states, 1< C<M,

Then Af denotes that at the moment in time t the atmosphere was situated

In a state of the class Af{. The chronology of the meteorological states

In the language of classes has the form -

Ly Lyt 2 N (4) r

A=A A Ay
Assume that t = ty is the moment in time at which the forecast is issued.
Using the prehistory (4) we will compute the matrix of conditional proba=~
bilitles in the following form:

P (A), P(A) vy PLAQ)
r (Al""lil)- P(AMh) e P (ACM,'l) (5) -
L I'(rl,,Al.y. .4'."). P(A._.MI’. Adee oy P(ACM,’. A“)

..............................

Here, for example, P(Ak/Afq, Afy) is the probability of the appearance of
the class Ag in series (4) after the two classes Afg, A{j, approximately

cquated to the value V(Aizs Ay AV (Ayy, Afy), where v (...) are the
frequencies of appearance of the corresponding classes in the chronolog-

fcal series of the prehistory (4). To be sure, only those elements of the
matrix (5) for which the corresponding frequencies V » 1 make sense.

A prediction using a matrix of conditional probabilities JT can be given in
categorical form, selecting the maximum matrix element, or in stochastic
form.

The clited prediction model is unquestionably extremely simplified, but
noe shpnifleant eofforts have been made to apply it to more complex cases,
for example, tn a variable time interval of the prehistory (4), etc.

Relationship to Hydrodynamics

The simplest conjugation with hydrodynamic models appears in a case when
the representation is based on generalized Fourier series. In this case
the "fleld" part of the criterial vector is the Fourier coefficients of
expansion of meteorological fields, and this suggests a variant of a
hydrodynamic model, specifically a spectral prediction model; it is con-
venient to select the latter in a variation interpretation. More specif-
lcally this is expressed in computation of the integral square nonclosure
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of the hydrodynamic system of equations with substitution of a finite
lourier series into it. Thus, in the sample space we determine a hydro=-
dynamic functional in the form

,(3);,g,11$|NAE+F|2dxdydz. (6)
L]

Here §$+ Fuois the matrix form of the equations of hydrodynamics,

Foo X Aup g (00 ()9 )y, (2
[

(i 18 the region of the solution, S is some curve in sample space between
the points x) and'&z. It 18 easy to see that if the base system of func-
tions is complete, and the series is infinite, then mén I(S) = O and repre-
sents a precise solution of hydrodynamic equations.

The minimizing of the hydrodynamic functional (HF) is the same as the Ritz
method, If for a simplification it is assumed that S is a straight line,
then the HF will be dependent only on the position of the initial point

X1 and the final point Xp, that 1s, I(S) = I(X], %p).

Assume then that i& and ?2 are the centers of the classes By and Bj; then
L(X], X3) is the hydrodynamic weight of the transition between these class-
s, An interesting situation is observed. The chronological series (4)
determines the statistical weights of the transitions between classes; the
welghts of some transitions are equal to 0, that is, transitions are phys-
ically forbidden. At the same time, for all transitions the hydrodynamic
weights are determined. A problem of unquestionable interest is the corres-
pondence between hydrodynamics and statistics in the mentioned interpreta-
tion. It can be hoped that its solution will prove to be extremely useful
for the problem of long-range hydrodynamic forecasting.

In conclusion, we should mention that the form of the HF (6) is not the
only one but {s the simplest in a case when there is no information on such
properties of the operator N as linearity, self-conjugability and positive
Jdeterminancy.
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UDC 551.5:947.084(479.2) (U47)

IWENTY-FIFTH ANNIVERSARY OF THE TRANSCAUCASIAN SCIENTIFIC RESEARCH
HYDROMETEOROLOGICAL INSTITUTE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 106-109

_ (Article by Professor G. G, Svanidze and Candidate of Physical and Mathe-
matical Sclences Z, I, Tskvitinidze, Transcaucasian Scientific Research
liydrometeorological Institute, submitted for publication 30 May 1978]

Abstract: The article presents concise histor-
ical information on the work of the Tbilisi
Geophysical Observatory, on the basis of
vhich the Transcaucasian Scientific Research
llydrometeorological Institute was organized

in 1953, The authors tell about the principal
tasks facing the institute, the successes at-
tained and the prospects for the development
of scientific research.

[Text]) The year 1978 marked the 25th anniversary of organization of the
Transcaucasian Scientific Research Hydrometeorological Institute. This
same year is the 135th anniversary of founding of one of the oldest sci-
entific institutes in the Caucasus -~ the Tbilisi Geophysical Observatory,
on the basis of which the Transcaucasian Scientific Research Hydrometeor-
ological Institute was organized in 1953,

The history of the Tbilisi Geophysical (former Tiflis Physical) Observatory
to a considerable degree 1s the history of development of Russian science
in the Transcaucasian republics, and especially, the natural sciences. From
the day of founding the observatory became the principal meteorological
Institute in the Caucasus, together with observational activity carrying out
i major complex of scientific research work.

The observatory's observational data were used in the writing of a number of
important scientific studies, covering the climatic characteristics of the
Caucasus: the monographs of well-known scientists: A. I. Voyeykov, I. V,
Figurovskiy, K. S. Veselovskiy, and others.
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Well=-known scientists have worked at different times within the obserye-
atory walls: Academicians USSR Academy of Sciences N, I. Muskhelishvili and
L. N. Vekua; Academicians Georglan Academy of Sciences A. 1. Didebulidze,
Ay No Dzhavakhishvili, Ye. K. Kharadze, ¥, ¥, Davitaya and B, K. Balavadze;
- Professors A, M. Benashvili, R. V. Khutsishvili, M. 2z, Nodiya, S. T. Pap=
ava, K. L. Sulakvelidze, S. U, Guniya, K, I. Papinashviii, D. Dolidze,
[+ 6. Kurdiani and many others, I. V, Stalin worked here in 1898-1901 asg
an observer and computer, The first director, V. P. Lominadze, made a
gpecial contribution to organization of the Transcaucasian Scientifie Re=-
search Hydrometeorological Institute and the development of scientific re-
search there.

Continuing the glorious traditions of the obgervatory, the Transcaucasian
Scientific Research Hydrometeorological Institute during the 25 years of

its existence has traveled a long path of development and has been trans-

formed into a major sclentific research and seientific methodological cen- -
ter of Transcaucasia. The institute is outfitted with modern technical

cquipment and 1s staffed by a large body of professional hydrometeorol-

vglsts capable of implementing the tasks assigned to the institute and

capable of solving a number of problems in mountain hydrometeorology not. -
only at the scale of the Transcaucasian reglon, but at the scale of the

USSR Hydrometeorologlcal Service 1in general,

The Transcaucasian Scientific Research Hydrometeorological Institute does
the following work:

=~ development and improvement of methods for meteorological, agrometeoro-
logical, glaclological and hydrological forecasts and methods for artificial
modification of harmful hydrometeorological phenomena (avalanches, hail,
ete.);

-~ search for effective means for regulating precipitation (inducing and
redistributing precipitation) applicable to the mountainous conditions in
‘I'ranscaucasia;

-- study of hydrometeorological, climatic and agrometeorological conditions
and resources, development of recommendations on their use;

-~ study of the peculiarities and development of methods for predicting at-
mospheric contamination over industrial centers of Transcaucasia, rivers

and reservolrs, and also soils from industrial effluent and poisonous chem- -
lcals;

-- introduction and determination of effectiveness of use of the results of
the carried-out investigations in the national economy and the subdivisions
of the Hydrometeorological Service in Transcaucasia.

The {nstitute, including the Baku Division and the Yerevan Section, has 22
sclentific sections and laboratories with about 400 specialists, including
00 Doctors and Candidates of Science.
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The results of sclentific research are presented in 20 monographs prepared

by tnstitute spectalists and in 70 collections of articles TRUDY ZakNIGMI
('Fransactions of the Transcaucasian Scientific Research Hydrometeorological -
Tngtitute). '

A considerable contribution to study of reglonal peculiarities of synoptic
processes in Transcaucasia has been made by specialists of the Section on
Investigation of Atmospheric Processes and Weather Forecasts. The method
for weather forecasting for a month in advance for Transcaucasia was award- =
ed the Multanovskiy Prize. On the basis of these studies it was possible
to create methods for predicting such phenomena as hail, thunderstorms,
severe cold, frosts, shower precipitation, strong winds, etc. During re-
cent years physical-statistical and hydrodynamic methods for investigating
atmospheric processes and predicting meteorological elements have been
especially developed.

In the operational subdivisions of the Administrations of the Hydrometeor-
ological Service of the Transcaucasian republics extensive use is made of
the methods for predicting weather phenomena developed at the Transcducasian
Scientific Research Hydrometeorological Imstitute. In particular, among the
scientific developments of recent years which have found practical appli-
cation we should mention the method for hydrodynamic short-range forecast-
Lng of vertlcal movements in Caucasus regions within the framework of an
adiabatic approximation, a method for predicting the development of squalls
on the Black Sea shores of the Caucasus, a method for predicting vertical
air movements for the Caucasus, with relief taken into account, a computa-

- tion model for the short-range forecasting of thunderstorms during the cold
season of the year for the territory of the Caucasus, etc.

Further investigations were directed to a deeper study of atmospheric pro-
cesses over Transcaucasia under the influence of mountainous relief, the i
ilack and Caspian Seas against a background of large-scale atmospheric

processes in the northern hemisphere. :

The Section on Meteorological and Climatological Research, in collabora-
tion with the Aerological Research and Atmospheric Electricity Laboratory,
carries out work on the study of natural and anthropogenic climatic varia-
tions, heliopower resources, scientific-climatic studies of new industrial
reglons, city construction, development of curortology and tourism in the
‘I'runscaucasian republics; it carries out investigations for determining
processes and phenomena in the upper layers of the atmosphere, taking into
account the peculiarities of local circulation, and carries out investiga-
tions of atmospheric electricity phenomena in the surface layer and in the
- free atmosphere. The results of scientific research in these directions
are being used effectively in the national economy, in particular, by
planning and design organizations, subdivisions of the Administrations of
the Hydrometeorological Services of the Transcaucasian republics, etc.

Investigations for the development and improvement of methods for agro-

meteorological forecasts for the principal agricultural crops grown in

Transcaucasia are carried out by specialists in the Section on Agricultural l?
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Meteorology and Agrometeorologlcal Forecasts and the Agrometecorology Sec-
tion of the Yerevan Sectlon of the Transcaucasian Scientific Research Hy=
drometdo?dlogical Institute. Particular mention should be made of the suc—
cesses achieved in creating forecasting methods for the principal phases
of growth and development, moisture supply, average republic yields of
prapes, citrus and fruit crops, tea, tung, tobacco, winter wheat, corn and
other Qg?ps.

During the last seven years alone the subdivisions of the Administrations
of the Hydrometeorological Services of the Transcaucasian republics have
adopted more than 10 different methods for agrometeorological forecasting
which are used in routine practice,

At the institute studies are made of the agroclimatic resources of Trans-
caucasia for the principal branches of the national economy for the pur-
pose of rational distribution of the leading agricultural crops over the
reglon. Agroclimatic regionalization diagrams and maps are successfully
used at national economic organizations. They are used extensively in
studylng the agroclimatic resources and agrometeorological conditions in
mountainous and high-mountain regions of Georgia. The Paravanskaya Agro-
meteorological Expedition organized for this purpose carries out a major
complex of studies in the high-mountain Samsarskiy Meteorological Polygon
(2,200 m above sea level). The results of investigations of the growth
and development of annual and perennial agricultural crops from the work
done in this polygon served as a basis for extremely valuable recommend-
ations on the introduction into agricultural production of root crops for
animal and human consumption, vegetable and berry crops. These recommend-
ations have now been introduced in the agriculture of a number of high-
mountain regions in Georgla and give a considerable economic effect,

Scilentific research in the field of cloud physics and artificial modifica-
tion has been developed considerably at the institute. A method for con-
tending with hail by the procedures developed at the Transcaucasian Scien-
tific Research Hydrometeorological Institute has been deemed an invention
and is used for the protection of valuable agricultural crops in Eastern
Georgla (protected area 350,000 hectares). From this work alone the deter-
wined economic effect is more than 3 million rubles per year. Great atten-
tion 1s beilng devoted to work on the problem of an artificial increase in
precipitation in the mountainous conditions of Transcaucasia. This has
great importance for the national economy because the objective is an ar-
tificial increase in the available water resources used for the irrigation
of lands, for irrigation purposes, for hydroelectric power purposes, and
lor the water supply of major industrial centers.

Being the scientific lydrometeorological center of Transcaucasia, the
Transcaucasian Scientific Research liydrometeorological Institute has as
one of its principal goals a study of the water regime and water resources
ol the rivers and water bodies in this region. Ir hydrological investiga-
tions the hydrologists have established the hydrological and glaciological
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processes and their patterns in different physiographic reglons of Trans=-
caucasia and have formulated recommendations on preventing and predicting
the onset of situations dangerous for the national economy. These recom-

mendat fons and methods are used extensively in the practical routine work
of the administrations of the Hydrometeorological Service of the Trans=-

caucaslan republics for satisfying the needs of hydroelectric power, water
nanagement and construction organizations and the Transcaucasian railroad.

During the last seven years alone, 15 different kinds of hydrological and
glaclological forecasts have been introduced in the prognostic subdivisions
of the Administrations of the Hydrometeorological Services of the Trans-
caucasian republics and these forecasts have had a high level of reliabil-
Lty.

Jointly with the USSR Hydrometeorological Center and the Administration of
the Hydrometeorological Service Georgian SSR, speclalists developed an
automated scheme for the prediction of rain-induced high waters on the

Rton! River, based on a mathematical model., The following methods develop-

vd at the institute and used in routine practice are of great importance:
conditions of formation and prediction of the descent of different types

of avalanches In the mountains of Transcaucasiaj prediction of the monthly,
quarterly and seasonal runoff of rivers in individual parts of the consider-
vd region; prediction of the times of passage of maximum discharges of spring
high water; territorial prediction of the spring runoff of rivers, etc.

It is particularly necessary to note the results of investigations for study
of the nature of mudflows, the conditions for their formation and propaga-
tion. In the studies of the leading specialists of the Section on Mudflows
and Channel Processes there has been a generalization of the results of

many years of multisided investigations in developing forecasting methods
and methods for computing the principal hydrological, rheological, kine-
matic and dynamic characteristics of mudflows, channel deformations, ele-

- ments of rupturing of natural dams, etc. Engineering computations were made
for antl-mudflow construction and rational and effective anti-mudflow con-
structlons of an industrial type have been created. This work was noted
by a special prize of the Council of Ministers Georgian SSR and is being
introduced both at the scale of the Soviet Union (in Georgia, Armenia and

_ Kazakhstan) and abroad (in Yugoslavia).

One of the principal tasks of the institute 1s a study of the hydrometeorolog-
fcal aspects of environmental contamination. In the investigations in this
direction there has bcen reflection of the results attained in developing
methods for predicting contamination of the environment -- the air basin

and sofl and ground in individual regions of Transcaucasia.

The Section on Investigation of Atmospheric Contamination is carrying out
work for the most part in two directions: monitoring and investigating radio-
active contamination of the environment in the territories of the Adminis-
trations of the Hydrometeorological Services of the Azerbaydzhan, Armenian,
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Georglan, Moldavian and Ukrainian SSRs and the Northern Caucasus Adminig-
tration of the Hydrometcorological Service and investigation of industrial
contaminatlon of atmospheric air in large cities and industrial centers

tn Transcaucasia. Among the broad complex of investigations made we should
mention development of the method for predicting dangerous alr contamina-
tion for the cities of Tbilisi and Rustavi. This method has been handed
over to the Adminiscration of the Hydrometeorologlcal Service Georgian SSR
for practical use.

Professional contacts with different institutes of the USSR are expanding
for the purpose of a multisided study of the state of the air medium. In
collaboration with the Department of Physics of the Atmosphere at Lenin-
grad State University, the Main Geophysical Observatory and the Administra-
tion of the Hydrometeorological Service of the Georglan SSR, the complex
energy experiment "KENEKS-72" was carried out in the industrial complex

of clties Tbilisi-Rustavi-Gardabani for a thorough study of the peculiar-
lties of composition of the atmosphere caused by gas and aerosol effluent
from industrial enterprises.

Jointly with the Institute of Astrophysics and Atmospheric Physics Georgian
Academy of Sclences, the "Astro" subsatellite experiment was carried out

in the Samsarskiy Meteorological Polygon for the purpose of comparing data
from complex measurements of the aerosol component of the atmosphere from
the earth and from space.

In 1966 a Section on Meliorative Hydrology was established in the Trans-
caucasian Sclentific Research Hydrometeorological Institute, and in 1972

a Laboratory of Hydrochemical Research was organized in this section. Due
to the activity of these subdivisions there has been intensive development
of the theoretical and experimental investigations of elements of the water
balance, heat and salt balances, moisture exchange of surface and ground
water, the process of evaporation of moisture from the surface of the land
and movements of water-soluble salts in the aeration zone in the territor-
ies of Transcaucasia which can be improved (drained and irrigated). Recom-
nendations are being developed on improving the state of meliorated lands
and methods for water management computations are being improved with re-
spect to providing a hydrometeorological basis for the planning of irri-
nated and drained systems. In investigations of transformations of indi-
vidual chemical compounds in water and in the soil-water and soil-plant sys=
tems model laboratory experiments and complex experimental studies are
carried out on a broad scale for determining the chemical composition and
¢quality of surface, ground and waste collection basin-drainage waters over
the territory of Transcaucasia. Recommendations are being developed for
cevaluating the aggressiveness of natural waters during hydraulic construc-
tion and their use in communal and technical water supply, for the pur-
poses of irrigation and the flushing of saline soils, repeated use of waste
water, ctc.
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The prineipal hydrometeorological investigations for the Armenian $SR

have been concentrated in the Yerevan Section of the Transcaucasian Sci=

entific Research Hydrometeorological Institute., The leading specialists

In thia section make a substantifal contribution to the detection of re-

nlonal peculiarities of meteorological, hydrological and agrometeorolog~
- Leal phenomena over the territory of Armenia,

Among the most important results of sclentific investigations in the sec-
tion we should mention the determination of the variation of meteorolog~-
lcal elements in the boundary layer under mountainous conditions in depen-
dence on the gynoptic situation and relief forms; formation of the water
and heat regimes of the soil in the aeration zone and determination of the
patterns of expenditure of ground water on evaporation; the water and heat
balances of the territory of Armenia and sound meteorological setting of
the norms and the regime of irrigated agricultural fields under mountain-
ous conditions, etc.

‘‘he Baku Divicion of the Transcaucasian Scientific Research Hydrometeor-
ological Institute, in close contact with the main body of institute per-
sonnel, carries out a complex study of the hydrometeorological regime of
the territory of the Azerbaydzhan SSR, Dagestan ASSR and the water acea
of the Caspilan Sea. Here specialists generalize the results of investi-
pations for study of the hydrometeorological regime of the Casplan Sea
and the mouth regions of the rivers flowing into it.

The greatest attention is devoted to investigations of the principal hydro-
meteorological elements acting on petroleum industry hydraulic structures
-- wind, waves, currents. The results of long-term investigations found
their reflection in the ATLAS VOLNENIYA I VETRA (Atlas of Waves and Wind),
which is a regime~reference prognostic and navigational aid. Together with
this atlas, successful use is made of a method for predicting wind waves

in the Middle and Southern Caspian, developed by section specialists. A
method for predicting the summer low waters on rivers in the republic was
developed and adopted at the Baku Weather Bureau.

During recent years the institute has been intensively supplied with mod-

cern equipment and computers. The Computation Center functions on the basis

of the Section on Mathematical Support and Programming Methods. With this
center institute scientists are able to carry out work for numerical solution
of the complex equations of atmospheric hydrothermodynamics, to establish

the patterns in the investigated regions, and also to put their developments
and findings in the hands of others for routine use by the prognostic agen-
cies of the Administration of the Hydrometeorological Service Georgian SSR
where cach day there is routine calculation of prognostic charts for the
Thilisi Weather Bureau.

The Transcaucasian Scientific Research Hydrometeorological Institute is

maintaining close contact with the institutes of the Hydrometeorological

Service, the sclentific institutes of the Academies of Sciences and other
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departments. In the task of forming and training young scientific special=-
1sts the institute 18 rendered great assistance by Thilisi State University,
USSR Hydrometeorologlcal Center, Main Geophysical Observatory, Central Aero-
loglcal Observatory, State Hydrologieal Institute and many key institutes

of the USSR Academy of Sciences., The Scientifie Council of the Transcauc=-
aslan Sclent.fic Research Hydrometeorological Institute includes leading
dpeclalists of the Administrations of the Hydrometeorological Services of
the Transcaucasian republics and also well=known sclentists working in
flelds closely related to hydrometeorology.

For the successes achieved the personnel of the Transcaucasian Sedentific Re-
search Hydrometeorological Institute have been awarded the Diploma of Honor

- of the Central Committee Communist Party of Georgia, the Presidium of the
Supreme Soviet Georgian SSR, the Council of Ministers Georgian SSR and the
Georgian Republic Council of Trade Unions, and repeated commendations have
been received from the Main Administration of the Hydrometeorological Ser-
vice of the USSR Council of Ministers.

The 25th anniversary of the date of organization of the Transcaucasian Sci-
entific Research Hydrometeorological Institute and the 135th anniversary

of the Tbilisi Geophysical Observatory are being greeted by institute per=-
sonnel with new successes in scientific research and a major rise in creativ-
ity.
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WORK OF A. A. FRIDMAN IN THE FIELD OF HYDROLOGY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 109-112
[Article by Professor Ye. 8. Selezneval

Abstract: This article gives information on
the first period (1913-1916) in the work of
the outstanding scientist A, A, Fridman in
the field of geophysics, poorly reflected
in biographies. During this five-year per-
fod he devoted great energy to the then-new
problems of aerology and aerial navigation
and did much in the organizing of observa-
tions and the servicing of aviation.

[Text] The year 1978 marked the 90th anniversary of the birth of the out-
standing scientist Aleksandr Aleksandrovich Fridman, the founder of Soviet
dynamic meteorology and the author of exceptionally important theoretical
studies in the field of cosmogony. The studies of A. A. Fridman have re-
ceived broad recognition in these fields. The high evaluation of their
importance by leading scientists is given in a series of articles published
in an appendix to the selected works of this sclentist [1], in one of the
issues of USPEKHI FIZICHESKIKH NAUK (Advances in the Physical Sciences) [7],
and in other publications.

= In biographical articles and recollections there is usually only a fleeting
mention of the work of A. A. Fridman at the Aerological Ohservatory and in
aviation units during the war of 1914-1918. This is briefly told in the
main, most complete biography, written by the closest associate of Fridman,
P. Ya. Kochina [1, 3]. However, his work in the field of aerology and aer-
fal navigation has not passed without a trace either for him or for aerol-
ogy. This energetic, high-initiative young scientist did not follow well-
trod paths: there were no such paths in aerology at that time -- it was in
{ts initial stage of development. Precisely during this first period (1913-
1918) of practical and experimental work A. A. Fridman exhibited his great
organizational capabilities, and at the same time he further developed his
interest in the study of atmospheric processes, in various observations of
weather phenomena. This interest also persisted later, despite his pro-
found dedication to theoretical problems.
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[t I8 posslble to obtain some idea concerning the activity of A, A, Frid-
man durtng the “acrolopleal Flve=year period" in particular from his
blngrnﬁﬁy'[ll. which tn chronologleal sequence 1istas the prineipal stages
and Lndi¥idual events of this time. Lvidently, this record lists precisely
Lhner events which the author regarded as particularly important and there=
fore they can be used as a basis in reconstructing the most important as-
pects of the sclentist's activity. The brief autobiographical information
can be supplemented using the reports of the Main Physical Observatory and
Lts affiliate == the Aerologlcal Observatory, and also using the articles
of sclentists with whom he chanced to work during this period, These were
B. I. Tzvekov [2], A. F. Gavrilov (1, 7] and M. M. Rykachev [6]. Finally,
the sclentific articles of A. A, Fridman published during these years re-
flect his practical work and scientific interests,

A« A, Fridman went to work at the Main Physical Observatory in the spring
of 1913 [1] and was sent by the director, B, B, Golitsyn, to the Aerolog-
ical Observatory, which was located at Pavlovsk (a suburb of Petrograd -
Leningrad). This observatory was just formed on the basis of an aerological
division and a balloon station which until then had been part of the Mag-
netlc-Meteorological Observatory (Paviovsk Subdivision of the Main Phys~
Lcal Observatory). V. V. Kuznutsov headed the Aerological Observatory, and
carlier a division. He was already a well-known sclentist who did much in
vrganizing aerological observations and constructing the necessary instru-
ments. In aerological work use had long been made of the extremely conven=-
lent Kuznetsov theodolite for observations of pillot balloons and meteoro=-
graphs for sounding the atmosphere with kites and pilot balloons, Aerolog-
tcal observations multiplied and they began to be carried out at affiliat-
ed observatories (Yekaterinburgskaya, Tiflisskaya) and other places. The
need arose for standardizing the processing of their data.

The first study which was assigned to the new specialist of the Aerological
Ubservatory was the preparation of instructions on the processing of meteor-
ograms. For its preparation the author had to familiarize himself with meth~
ods for sounding of the atmosphere and evidently mastered them, since his
instructions, according to the comments of B. I. Izvekov [2] "introduce
considerable simplifications into the practice of aerological observations,
and saves time." Later, Fridman, together with another specialist, P, A.
Nadeyev, prepared instructions on the processing of pilot balloon observa-
tions and they gave a simplified method for computing the coordinates of
pilot balloons {4].

In this same year, 1913, A. A, Fridman was engaged in investigations of
the temperature distribution in the atmosphere, to which, it must be as-
sumed, he was attracted by his familiarity with data ftom aerological
toundings. At this time acrologists were concerned with the problem of the
reality of the recently discovered "upper temperature inversion," as the
stratosphere was then called. Everyone was interested in an explanation

of this unexpected temperature inversion. A. A. Fridman wrote a long ar-
ticle on the temperature distribution with altitude, which was immediate-
ly included in the GEOFIZICHESKIY SBORNIK [16]. He again returned to this
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matter in 1920 and examined it from a theoretical point of view [14].

It 18 interesting to note that at this same time A, A. Fridman did not
abandon his mathematical interests and in the autumn of 1913 he took
his master's examinations at the university,

Av A, Fridman mentioned two events in his activity during the first half
of 1914 in his autoblography: in the spring of 1914 he was sent to Leipzig
to work with Professor V. Bjerknes. There he became familiar with new syn-
optic methods and the compilation of streamline maps. He carried out
processing of data from one of the international aerological days and
constructed charts of the distribution of meteorological elements. These
regults were published in SYNOPTISCHE DARSTELLUNGEN, but without the
author being mentioned [2], After this period of service and training with
Bjerknes Fridman drew practical conclusions and already late in 1914 pub-
lished an article entitled "Importance of Streamlines for Aerial Naviga-
tion" (9]. The article gave a number of practical indications on the con=
struction of streamlines and their use in aviation.

The second event noted by Fridman was not seen through to the end, but it
undoubtedly interested him. For example, he writes: "In the summer of 1914
I participated in the preparation and development of measures for aerolog-
ical observations which were to be made during the total solar eclipse of
August 1914; for this purpose a number of flights were made in dirigibles"
[1]. The intended observation plan was not carried out due to the beginn-
ing of the war,

At the beginning of the war A. A. Fridman and other specialists at the Aero-
logical Observatory (M. M. Rykachev, N. N. Andreyev, V. S. Abramov) went to
the front as volunteers. They were all enlisted in aviation and balloon
units and had to supply them with aerological data. Fridman very actively
participated in this work. His activity at the front was rather diversif-
led. He organized aerological stations, taught soldiers how to make ob-
gervations and processed the results. He did much for reconnaissance and

for observations of atmospheric phenomena. Concerning his work in the first
var years Fridman wrote in [1]: "I worked in the aviation detachment first
on the northern front (at Osovets and Lykov) and then on other fronts in
organizing aerological observations and in general an aerial navigation
service." And then: "In the spring of 1915 I organized the central aerolog-
lcal station of the sixth aviation company and also a number of aerolog-
fcal stations in different aviation detachments.'" Here it was pointed out
that "during the time of the flights a series of observations was made

of the nature of atmospheric eddies." Later in his scientific articles A. A.
Fridman made reference to his own observations from an aircraft.

Fridman participated in flights for the purpose of military reconnaissance
as well. In many cases these were dangerous situations and he wrote B, B,
Golitsyn concerning this [1].
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In his autoblography A. A. Fridman particularly mentions flights over

the Gérman~occupled Fortress Peremyshl' for precise bombing for the pur=
pose of clarifying the aeroballistic properties of aviation bombs. Taking
Into account his own experience in bombing Fridman made ballistic comput-
atlons and then jointly with A, F, Gavrilov [1, 7) organized computations
of ballistic tables. Later (1920-1923) he returned to this work in the
ntathematics bureau at the MFO. P. Ya. Polubarinova=Kochina, working in
this bureau, recalls: "Everyone participated in the computations of the
ballistic tables, to which Fridman returned in order to make different
refinements in them" [3].

In 1916 A. A. Fridman worked in aviation organizations in Kiev. There he
presented lectures on aerial navigation in the school of aerial observ=~
ers. Later, for his successful results attained in aerial reconnaissance,
Fridman was awarded the title of aerial observer. He reported this with
some pride to B. B, Golitsyn [1].

Then, in 1916, in the Kiev region, Fridman carried out several flights with
4 thermometer and meteorograph for measuring temperature from aboard an
aircraft. In essence, these were the first aircraft gsoundings of the atmo-
sphere. Only five-six years later this experience was repeated near Moscow
(at Klin). However, the aircraft method for investigating the atmosphere,
vhich Fridman recommended, was developed only after construction of a
special meteorograph, that is, toward the end of the 1920's.

[n the 1950's the pilot with whom A. A, Fridman flew near Kiev unaxpected=-
ly announced himself. He wrote to B. L. Dzerziyevskiy, in a letter from
Tallin requesting confirmation of the scientific value of these flights,
Information which he needed in connection with pension matters. Boris
L'vovich and I then certified in writing the great importance of these,
what might be called, historic flights, But now, unfortunately, there is
no possibility of naming this pilot (an Estonian); his last name and ad-
dress have been lost.

During 1916-1917 the activity of A. A. Fridman in aviation became still
more dlversified. In addition to the enumerated flight and instruction
work at the central aeronavigation station he organized workshops for the
repair of instruments and raised the question of creating a special plant
for the fabricating of aeronavigation and aerological instruments. Then
he headed up the working out of a plan for the factory and participated
In {ts creation in Moscow. In the summer of 1917 the plant began to oper-
ate. In this plant Fridman headed the design-computation section and
temporarily performed the tasks of director. A. F. Gavrilov [1, 71, who
was a participant in this work, told about the practical activity of A. A.
I'ridman.

The plant did not exist for a long time. During the first post-revolution-
ary years there was no possibility of keeping this enterprise and it was
shut down 1in 1918. A. A. Fridman proceeded to Perm', where he had been
called for presenting lectures at the university.
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The successful work of Fridman during the wartime period was summarized
In {4]):

"rhe network of military aerological stations in 1light aircraft became par-
ticularly well developed. The organization and direction of this network

vas in the hands of a specialist at the Aerological Observatory, A. A, Frid-
man. The service which he created, in addition to an enormous number of
aerologleal observations, left behind a number of publications in the form
of instructions, manuals, etec. In addition, steps were taken for finding
new research methods., In 1916, at Kiev, rather successful attempts were

made at suspending a meteorograph on an aircraft, etc."

We note in passing that at that time the aerological service for air ships
was organized by M. M., Rykachev, whereas the aerial navigation service in

the hydroplane service of the Baltic Sea was organized by the youngest of

the aerologists == P. A, Molchanov [4, 6], These aerologists also did much
which was useful and new in the development of aerological methods.

Despite his great workload with organizational matters, in these same war
years A. A. Fridman wrote several scientific articles which are also of
interest for the modern aerologist. These studies were based on pilot-
balloon data and the author drew important conclusions concerning the ap-
pearance of eddies in the atmosphere and on the relationship between them
and the formation of cumulus clouds; also given here are formulas for de-
termining the velocity of vertical movements., Also of interest are ar-
ticles on determining the velocity of vertical currents by means of ob-
servations of pilot balloons [12, 13].

In 1920 A. A. Fridman returned from Perm' to Petrograd and again began to
work at the MPO. He created what is now the mathematical bureau, soon to
become the the section on theoretical meteorology, and in accordance with
the principal direction of his interests was intensively engaged in the
fields of mathematics and dynamic meteorology [l1, 3]. However, even dur-
ing these last years of his activity Fridman did not break his bonds with
aerology. Thus, according to the recollections of P. Ya. Kochina [3], in
the summer of 1922 he worked in the Aerological Observatory at Pavlovsk.
In the TRUDY AEROLOGICHESKOY OBSERVATORII (Transactions of the Aerolog-
ical Observatory), published in this year, Fridman published an article
entitled "Atmospheric Eddies and Wind Gustiness" [8]. Fridman had the best
relationship with the director of the Aerological Observatory in those
years -- P, A, Molchanov. With respect to personal matters, Fridman has
written with high praise about Molchanov's activity.

[t is impossible to overlook still another study directed to the servicing

of aviation and aerial navigation in which A. A. Fridman actively partic-
Lpated, being one of Lts inltlators. During 1915-1916 B. B. Golitsyn establish-
¢d an editorial committee and a team of authors for preparation of the acad-
emic manual OSNOVNYYE SVEDENIYA PO AEROLOGII I SINOPTICHESKOY METEOROLOGII
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DLYA LETCHIKOV I VOZDUKHOPLAVATELEY (Basic Information on Aerology and
Synoptic Meteorology for Alrmen and Aerial Navigators), The manual was
written dnd published by the MPO by the 1ithographic method in 1917 al-
ready aPter the death of Golitsyn. The book consists of 12 chapters,
written by different authors, for the most part N. N. Kalitin, V. I, Pop~
ov, P, A, Molchanov and D, F. Nezdyurov, Chapter 9, entitled "Weather Sci-
- ence," was written by A. I. Asknazly, B, P, Multanovskiy and M. F. Petelin.
As A, Pridman wrote the Introduction, which defines the subject of aerial
navigation and the objectives of the course. In addition, in connection
with the death of B. B. CGolitsyn, he served as general editor of the
course, In the foreword it 1s noted: "The objective of publication of this
book is filling the gap in Russian meteorological literature with respect
to aerological subject matter)' Five of the 12 chapters are purely aerolog-
Leal; they were written by P. A. Molchanov.

- In July 1925, two months before his death, A. A. Fridman and the aviator,
later stratonaut, P. F. Fedoseyenko, made a flight in a balloon to an alti-
tude of 7,400 m. This bold act of the theoretical scientist cannot be un-
derstood without taking into account his preceding aerological activity,
cathusiastic aspiration to learn about the real atmosphere and visually
observe meteorological phenomena. This side of the scientist's activity

18 also reflected in one necrology, entitled "Memorial to a Professor,
Flier-Observer."

The premature death of the enthusiastic scientist A, A. Fridman, occurring
on 16 September 1925, was a great loss for Soviet science.

kkk
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REVIEW OF BOOK BY V. V. KUPRIYANOV: "HYDROLOGLCAL ASPECTS OF URBANIZATION"
(GIDROLOGICHESKIYE ASPEKTY URBANIZATSII), Leningrad, Gidrometeoizdat, 1977,
184 pages

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 113-115
[Book review by A. V. Karaushev and B, G. Skakal'skiy]

[Text] A book by V. V. Kupriyanov has now been published. Entitled "lydro-~
logical Aspects of Urbanization" (GIDROLOGICHESKIYE ASPEKTY URBANIZATSII),
for the first time it gives a systematic exposition of the principal prob-
lems in the hydrology of urbanized areas. The formulating of a new inde-
pendent branch of hydrology of the land has taken place. Whereas in for-
eign studies urbanization hydrology is understood very narrowly and in-
cludes the problems involved in only calculations of rain-induced runoff
from urbanized areas, calculations of sewers and determination of the qual-
ity of waste water, the reviewed book gives an extremely broad treatment
of this branch of hydrology. V. V. Kupriyanov, in developing this new
branch of hydrological science, includes an examination of research meth-
ods and methods for solving problems relating to the two following direc-

- tions: hydrology of urbanized areas proper (hydrology of cities) and hydrol-
ogy of the territories surrounding cities which exert an influence on the
water resources, regime and quality of the waters in these territories.

From an integrated point of view the book examines a wide range of prob-
lems: transformation of the landscape of urbanized areas; global process-—

R es caused by urbanization; water consumption; transformation of the water
regime; annual, minimum and maximum runoff; water and water management bal-
ances of urbanized areas; sources of contamination and water quality; bal-
ance of chemical substances; problems in eutrophication, thermal contamin-
ation and self-purification of surface waters; erosion, runoff of alluvium
and channel processes within the 1limits of urbanized areas.

The book covers extremely diversified interests and reveals the author's

- pgreat erudition. A major merit of the presentation is the wealth of il-
lustrative material taken from the author's own work and from an im-
pressive number of Soviet and foreign articles and books. The bibliography
contains 114 items in the Russian language and 83 in foreign languages.
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The degree and nature of the influence of urbanization on hydrological

processeéd are different, and as indicated by the author, must be regarded
speclally in the following three stages of urbanization: 1) the period of
building up and exploitation of a territory, 2) the period of stabiliza-
tion upon completion of construction, 3) the period of a stable regime

in the'normal rhythm of urban life. In particular, it is emphasized that
the problems of the quantity and quality of water must be examined insep-

1

arably. "

Dwelling on the problems involved in the effect of cities on the hydrolog-
ical cycle, the author devotes attention also to the climatic factors and
the influence of cities on global moisture cycle processes.

In a speclal section of the book there is a discussion of the problem of
transformation of the landscape during the urbanization process. In touch-
{ng 1n general on the problem of the anthropogenic influence on landscapes,
the author correctly not' ~ that the greatest changes are introduced spe-
cifically by urbanizatiou, leading to significant changes in the heat and
moisture balances in the territory. The book enumerates the principal hy-
drological characteristics of an urbanized area.

It is characteristic that despite the relatively small areas of urbanized
territory (on the earth about 2%), the latter even now are exerting an in-
fluence on the hydrological cycles nver grer' areas, and in the future
this influence will considerably increase.

The author points out that in general for the earth the gross water con-
sumption for the urban population is about 58 km3 annually and for the
rural population is approximately 40 km3 annually. It is noted tuat the
increasing water consumption (for household-living needs and for indus-—
- trial production) is creating strained conditions for the water balance of
individual areas, but does not constitute a threat of exhaustion of world
resources of fresh water. A highly important problem is the preservation
of natural waters against contamination, as the author writes, "from
qualitative exhaustion" (p 33).

The prospects for water resources in our country are evaluated rather op-
timistically, but at the same time the need for a territorial redistribu-
tion of runoff is correctly raised.

This is followed by a rather complete description of changes in the moisture
cycle and climate as a result of urbanization. It is noted that the influ-
ence of urbanization on global moisture cycle processes is determined by

two factors: 1) change in the temperature regime and the annual composition
of the atmosphere and 2) regulation and redistribution of runoff. Also
mentioned, with citation to a study by M. I. Budyko, is possible global

- changes in climate as a result of the anthropogenic factor. The author

gives a detailed examination of the problem of the climatic characteristics
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of cities and urbanized areas. The monograph contains very interesting
seaphs of the Increment of maximum temperature due to urbanization, repre-
yented as a function of the number of urban inhabitants,

The fourth chapter of the book is devoted to erosion, the runoff of alluv-

fum and channel processes In an urbanized territory. The author defines

_ two stages in the effect of urbanization on erosion and the runoff of al-
luvium: the construction period, when erosion and the runoff of alluvium
fnerease greatly (sometimes by many times), and the period after completion
of construction, when the erosional process dies down and then as a result
of the laying down of asphalt pavement and presence of buildings the ero=-
sion becomes less pronounced.

- The construction period merits speclal attention. While comparing the ap=-
proaches to quantitative and qualitative evaluation of water erosion de-~
veloped in the USSR and in the United States, and while accentuating the
work done at the State Hydrological Institute, the author, unfortunately,
does not express his attitude toward these approaches. However, it is evi-
dent that the approach of the State Hydrological Institute, based on a gen-
etic analysis of the erosional process, taking into account the discrete-
ness of slope runoff, occurring through a network of microchannels forming
in the crosional process, is more promising than the purely empirical method
for solving this problem used in the United States.

The mention of the dangerous effects of an "impairment of the natural sat~
uration of watercourses with sediments" is very correct. It is known that
this leads to an imbalance of the natural process of interexchange of sedi-
ments between the flow and the channel and an impairment in the equilibrium
state of the channel, that is, to its erosion or silting. In his subsequent
presentation in this book the author reveals a profound understanding of
this process. However, in proceeding on to an examination of the problem
of channel deformations, the author seemingly forgets about this key "in-
teraction" principle and about balance methods for analysis of the direc-
tion followed in the channel process. He 1imits himseli to an examina-

tion solely of the morphological theory of channel processes, which is giv-
en in an extremely schematic form. It remains unclear how it is possible to
apply this theory, proceeding on the basis of the principles presented by
the author above.

In the two chapters devoted to the annual, minimum and maximum runoff and
its intraannual distribution the author examines the conditions for forma-
tion of runoff and the peculiarities of the water regime of urban territor-
ies. The book covers the most important parameters figuring in the computa-
tion formulas and the computation parameters are presented.

‘The method for determining the areas of the zones of influence of cities on
snow melting developed by the author is very rational, and therefore, it is
important in studying spring runoff. The method is based on an analysis
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of gpace photographs, on which it ig possible to trace the "aureoles
of the influence of cities" (p 85). It is to be hoped that the author
will successfully carry to an end the work which he has begun. o

[t 1s pointed out in the book that applicable to urbanized territories
the most suitable method for computing the runoff hydrograph is the {so-
chrones method. Also considered are methods for caleulating rain-induced
liigh waters from urbanized areas used in the United States, The author
writes that his task included emphasizing the inevitability of change in
the hydrological cycle as a result of urbanization and pointing out the
possible dangerous consequences of such changes. As an example the author
consgiders the inundations caused by urbanization,

tn the book much attention is devoted to the water and water management
balances in urbanized areas (Chapter 7). The author glves a detailed an~
ilysls of the water balance structure for such a territory and studies
the changes in the role of individual balance components as a result of
man's economic activity., Also considered is a general formulation of the
problem and numerous specific examples are cited.

lividently, Lt would not be erroneous to regard Chapter 7 as central in the
reviewed book because it virtually ties together moat of the principal
hydrological aspects of urbanization considered in other chapters of the
book. Indeed, it would be desirable to place this chapter at the beginning
of the book, for example, after Chapter 3. Tncidentally, it should be noted
that the chapter devoted to erosion and sediments (thapter 4) was not in
its proper place. The exposition would be more rigorous if 1t was placed
after Chapter 6 or at the end of the book.

The monograph includes the long Chapter 8, devoted to the anthropogenic in-
fluence (especially, urbanization) on water quality. Noting the great influ-
ence of the anthropogenic factor on the quality of natural waters, the auth-
or mentions the waste waters from industrial production and household-1iving
waste waters. We should also mention agricultural contamination, whose role
is constantly increasing and with which it is particularly difficult to
contend.

Clear examples are cited of the contamination of large water bodies in the
countries of Western Burope, United States and Japan.

In analyzing the totality of factors determining the effect of an urbanized
territory on water bodies, the author notes the possibility of discriminat-
ing those of them which can be subject to spatial generalization in their
hydrological-geographical aspect. Such an approach is extremely valuable be-
cause it can lead to an improvement in prediction of the influence of cities
‘n water resources in different natural zones. In this connection the char-
acteristics of household waste water and the surface runoff forming in ur-
ban areas acquire considerable importance.
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Conslderable attention is being devoted to the anthropogenic eutrophication
of water bodies due to the excessive entry of blogenous substances into
them. While correctly noting the major role of urbanization in the develop-
ment of thls negative influence, the author at the same time passes over

in silence the process of agricultural contamination, which here frequent-
ly plays the primary role.

In touching on thermal contamination, the author cites extremely interest-
Ing figures on the consumption and discharge of water by thermal and atom- .
fc electric power stations. For example, by 1980 electric power stations

in the United States will use for the cooling of the plants about 1/5, and
by 2000 -- about 1/3 of the annual runoff of the rivers in this country.

In the section devoted to self-purification and dilution of waste waters

in rivers, lakes and reservoirs, the dilution process is correctly regarded
a8 a component part of self-purification. The book gives a simplified meth-
od for computing dilution, by no means being universal and inapplicable to
lakes and reservoirs. It is to be regretted that the more modern and quite
universal method for computing dilution developed at the State Hydrological
Institute has not been covered in the book under review, although it is
well known that this method is extremely widely used in practical work.

Among the shortcomings we must note a definite noncorrespondence between
the title of section 8.4 and the material presented therein. It gives only
methods for computing the mean concentration of contaminating substances
in river flows, whereas methods for evaluating the quality of river water
are not really touched upon.

In summarizing the results of this analysis of the monograph by V. V. Ku-
priyanov, we note, in particular, that this book must be regarded as the
first, but nevertheless a successful generalizing work on the hydrology
of urbanized areas, including all its principal aspects. Each of the as-
pects is examined in a separate chapter giving the characteristics of the
process and an evaluation of the changes introduced by urbanization into
any element of the hydrological cycle and also in most cases including
recommendations on the computation method.

'The Hydrometeorological Publishing House has produced a very useful and
very presentable book. It is intended for a wide range of specialists en-
gaged in a study of anthropogenic changes and preservation of the environ-

ment, for hydrologlsts, geographers and workers in the fields of communal
and water management.
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SEVENTIETH BITHDAY OF NIKOLAY ALEKSANDROVICH BAGROV
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 p 116

[Unsigned article]

B [Text] Professor Nikolay Aleksandrovich Bagrov, Doctor of Physical and Math-
ecmatical Sciences, Deputy Chief Editor of the journal METEOROLOGIYA I GIDRO-
LLOGIYA, a leading professional meteorologist, creator of a new direction in
the field of weather forecasting on the basis of a physical-statistical de-
scription of atmospheric processes, marked his 70th birthday on 10 December.
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SIXTIETH BIRTHDAY OF VASILIY IVANOVICH SAPOZHNIKOV
- foscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 p 117

[Article by a group of fellow workers at the Hydrometeorological Center}

[Text] Doctor of Geographical Sclences Vasiliy Ivanovich Sapozhnikov, senior
sclentific specialist at the USSR Hydrometeorological Center, marked his
60th birthday on 21 December,

V. I. Sapozhnikov is a leading scientist in the field of hydrological fore-
casts,

Graduating from the Higher Military Hydrometeorological Institute in Decem-
ber 1941, he took part in the Great Fatherland War. For his successful exe-
cution of tasksat the front he was awarded the orders Fatherland War (Second
Degree), Red Star and many medals.
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Proceeding in 1946 to the post of engineer in the Division of Short-Range
lorecasts at the Central Institute of Forecasts, V. I. Sapozhnikov has
continuously worked at that institute (transformed in 1966 into the USSR
Hydrometeorological Center), combining scientific and routine work in
servicing different branches of the national economy with hydrological
forecasts. Over a long period he headed first a section and then the
vater férecasts laboratory for lowland rivers of the USSR,

lle has written about 70 scientific studies, including the monographs OSNOVY
PROGNOZA STOKA PO ZAPASAM VODY V RECHNOY SETI (Principles of Forecasting

of Runoff from the Water Supplies in the River Network) (1956) and PROGNOZ
STOKA REK V BASSEYNE VOLGI PO RUSLOVYM ZAPASAM VODY I PRITOKU VODY V RECH-
NUYU SET' (Prediction of Runoff of Rivers in the Volga Basin from the Chan-
nel Supplies of Water and Water Inflow into the River Network) (1960).

In his sclentific work he exhibits the greatest interest in problems relat-
ing to short- and long-range forecasting of high waters on rivers on the
basis of a determination of the intensity of spring melting of the snow, the
distribution of runoff and the travel-time of water in the river network.
lleading investigations in this field in the Service, he gives much method-
ological agssistance to specialists at other scientific institutes and local
administrations and directs graduate students and workers gaining addition-
al experience.

V. I. Sapozhnikov participated in the work of the Third and Fourth All-Union
llydrological Congresses, a number of union and international conferences
and seminars on hydrology, presenting scientific reports at them.

Over a number of years he was a member of the Scientific Council USSR Hydro-
meteorological Center; at the present time he is a member of the Hydrology
Section of the Council. He is a member of the CPSU. He has been elected
Secretary of the Party organization of the Hydrometeorological Center,
Chairman of the Professional Committee of Hydrological Sections, and has
taken an active part in many public measures.

Vasiliy Ivanovich is full of strength and energy. We wish him further pro-
ductive scientific activity for the welfare of Soviet science. -
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AT INSTITUTES OF THE STATE COMMLSSION ON HYDROMETEOROLOGY
Moscow METEOROLUGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 117-119
[Article by N. N. Podgayskiy and G. V. Gruzal

[Text] A session of the Technical Council of the Ural Administration of the
State Commission ou Hydrometeorology was held on 29 June. There was a dis-
cussion of the problem of the accuracy of chemical measurements in a study
of contamination of the environment -~ atmospheric air, water and soil.

In opening the session, the chief of the administration V. N, Babchenko not-
cd that the discussed problem is of great scientific and practical import-

- ance, especially in connection with the fact that the study of the qualit-
ative state of the environment is the concern not only of the Hydrometeor-
ological Service, but also many Ural organizations of the Ministries of
Water Management, Health, Ferrous Metallurgy, Gosstroy, etc. However, these
studies are being carried out in different organizations by different meth~
ods, and in particular, in the taking, transport and analysis of samples
and their computation. This is reflected extremely clearly in the reliabil-
ity of the results of the qualitative state of atmospheric air, water and
s0il and leads to contradictory conclusions.

The Technical Council, in whose work representatives of different organiza-
tions participated (Ural Scientific Research Institute of Water Management,

- Oblast Sanitary-Epidemiological Statior, Ural Division of the Institute
"Teploelektroproyekt," Sverdlovsk Division of the Institute "Soyuzvodo-
kanalproyekt" and others), deemed it necessary to standardize methods for
carrying out chemical measurements in all media.

The Sverdlovsk Hydrometeorological Observatory was assigned the responsibil-
ity of formulating recommendations for increasing the quality of chemical
measurements, taking into account the peculiarities of the water, soil and
climate regimes of the territory of the Urals.

N. N. Pogayskiy
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An American sclentist, Doctor A. Murphy, a specialist from NOAA (Boulder,
United States), was in the Soviet Union during the period 17 June-16 July.
lle 18 the director of a team for investigating the interaction between na-
ture and society and visited the State Commission on llydrometeorology for
studying the problems relating to the statistical analysis of meteorolog-
lcal information and the exchange of scientific research data between the
USSR and the United States.

Murphy 1s actively working in the field of evaluation of the quality of sto-
chastic weather forecasts, methods for preparing subjective stochastic fore-
casts, and is also engaged in a determination of the value or economic ef-
fectiveness of such forecasts., He has published several tens of articles in
the leading journals of the American Meteorological Society.

The puest visited the Central Asian Regional Scientific Research Hydrometeor-
ologlcal Institute (Tashkent), where he familiarized himself with the pro-
cedures for preparing stochastic short-range weather forecasts, the USSR
Hydrometeorological Center (Moscow), the All-Union Scientific Research In-
stitute of Hydrometeorological Information-World Data Center (Obninsk) and
the Main Geophysical Observatory (Leningrad).

1
During his visit Doctor Murphy presented several lectures and carried out a
sreat number of conversations with Soviet scientists. It follows from the
collected information that in the United States, since 1965, specialists
in the National Weather Service have everywhere initiated the preparation
of stochastic forecasts, or, as we sometimes say, forecasts in a stochastic
form, but for all practical purposes meaning a forecast of the probabilities
of the fact of falling of precipitation. These forecasts are prepared by
weathermen by the method of subjective evaluation of the probability of the
fact of falling of precipitation. Use is made of all data at the disposal
of the weatherman (analyses, numerical forecasts, satellite data, etc.).
These forecasts in stochastic form are transmitted to the population. At
first there was inadequate understanding and resistance to the introduction
of these forecasts, but now they are in universal use and have won the wid-
est recognition.

In addition to these subjective stochastic precipitation forecasts, NOAA
i1lso prepares stochastic forecasts by objective methods. Objective fore-
casts are prepared in the so-called "MOS" system (Model Output Statistic)
on the basis of a statistical analysis of the results of numerical fore-
casts using hydrodynamic models. In this system a stochastic forecast of
different weather phenomena is given: the fact of the falling of precipit-
ation, altitude of the lower cloud boundary, visibility, etc. This inform-
ation 1s basic auxiliary information for weathermen at 120-130 large cit~-
les in the United States. This information is used both in the preparation
of subjective stochastic precipitation forecasts and in remaining synoptic
forecasts as an auxiliary method. The works of Doctor Murphy give a pro-
found and thorough analysis of the quality of these subjective stochastic
forecasts and their high reliability is demonstrated (reality, that is,

167

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

correspondence of the predicted probabilities to the actually observed fre-
yuencies) and also the failr accuracy (Breler evaluation),

Another direction in the studies of Doctor Murphy is an evaluation of the
cconomic effectiveness or value of meteorological and climatic information.
Numerous interesting results were also obtained in this field and the ba-
sic conclusion is drawn that forecasts in stochastic form are the most val-
uable and their value surpasses both the categoric forecasts (adopted in

} the USSR) and the value of the climatic information. It seems that the

- conclusion about the value of stochastic forecasts must be attentively
studied and used in forecasting practice in the Soviet Union.

An interesting theme was touched upon as a result of analysis of change in
the quality of weather forecasts during recent decades. A study was made

of many different data on the temporal change in the quality of hydrody-
namic forecasts and weather forecasts by different weather bureaus and
prognostic institutes. It was found that during recent years there has

heen a considerable decrease in the increase in the quality of the fore-
casts, and in many cases on the curve there is a "plateau'" or even some de-
terioration in the quality of the forecasts. In the United States some
uxperiments have been carried out for clarifying the reasons for this sit-
uation. Murphy himself 1s a supporter of the point of view that the cessa-
tion of an increase in the quality of forecasts 1s associated with some
negative effect exerted on the weatherman by the availability of computer
objective forecasts. Since computer methods are used in the United States
for obtaining weather forecasts, and not only for forecasts of the general
situation, weathermen have begun to think less and make more use directly
of forecasts obtained using computers. In America this phenomenon is called
"meteorological cancer." Thus, the interaction between man and machine in
practical forecasting is the object of serious investigation.

Below we give the basic conclusions from the reports of Doctor Murphy in
his own formulation.

1. Objective and subjective stochastic weather forecasts are issued in the
United States on a routine basis. Objective stochastic forecasts are pro-
duced in the "MOS" system for a number of weather elements (statistics of
the results of numerical models) and are transmitted to forecasters at
local prognostic agencies as basic auxiliary information. Subjective sto-
chastic forecasts are formulated by forecasters only for precipitation and
ire transmitted to the population.

2, Experienced forecasters can give a reliable and correct subjective quan-~
titative evaluation of the uncertainty inherent in weather forecasts, both
with the assistance of objective stochastic forecasts and without them.

3. The rates of improvement in the quality of forecasts of meteorological
fields and weather forecasts have slowed down during recent years. More-
over, the curve of increase in the quality of weather forecasts in 1970

168

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000100020020-6

FOR OFFICIAL USE ONLY

evidently attained a "plateau," which means either an absence of improve=-
ment or. even an Insignificant deterioration in the forecasts.,

4, Objeclive weather forecasts, used as basic information, can exert an
unfavorable effect on forecasters (psychological, ete.), in the last an-_
alysis on the quality of subjective weather forecasts formulated by man.
The problem of interaction between man and machine in routine weather Tore-
casting requires serious investigations (at least in the United States).

3. Entirely reliable stochastic forecasts (that is, those in which the pre-

; dicted probability corresponds to the observed frequency of the phenomenon)
dre more valuable for the user than categoric and climatological. This con-
clusion was also correct for forecasts with different degrees of "reli-
ability."

- 6. In definite situations and under some conditions there are sequential or
even functional relationships between the measures of accuracy and the sub-
sequent evaluation of the value of the stochastic forecasts., Therefore, in
some cases such relationships can give additional information on the value
of the forecasts., However, in situations with more than two states (or
events) there can be cases when more precise forecasts are less valuable
(with a subsequent evaluation).

7. Investigations of the value of weather forecasts almost always show that
the gain associated with the proper use of these forecasts exceeds (fre-
quently significantly!) the expenditures on obtaining them. These are
pleasant results, but they must be viewed with caution, especially since
the investigations are usually made on the basis of many assumptions and
also because these investigations are made by the forecasters themselves.

G. V. Gruza
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CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 pp 119-121
[Article by N. P. Smirnov and E. I. Sarukhanyan]

[Text] The sccond Soviet-American Conference on the Program "POLEX-South-
[nternational Program for Investigation of the Antarctic Ocean" was held dur-
ing the period 13-15 June at Cambridge, Massachusetts, in the halls of the
Massachusetts Instltute of Technology. It met for a discussion of the re-
sults of joint studies in the Antarctic Ocean in the course of 1977-1978

and the prospects for further investigations.

The Soviet delegation, including seven specialists, was headed by Corres-~
ponding Member USSR Academy of Sciences A, F, Treshnikov. The United States
delegation, which organized the conference, was headed by Professor G. Baker,
co-chairman of the executive committee of the International Program for In-
vestigation ¢f the Antarctic Ocean. In addition to Professor Baker, a num-
ber of leading speclalists in the field of study of the Antarctic Ocean
participated in the conference on the American side.

The Soviet and American specialists presented 14 reports containing the prin-
cipal results of recent investigations in the Antarctic Ocean. A number of
reports also contained proposals for specific experiments which will be carr-
ied out in the summer of 1978/1979 in the region between Africa and Antarc-
tica, in Drake Strait and to the southeast of New Zealand. The second half

of the conference was devoted to a discussion of the direction for further
cooperation between the USSR and the United States in investigation of the
Antarctic Ocean.

Without dwelling in detail on the reports presented by the participants, we
will note the principal scientific results discussed at the conference.

The principal results of the three years of joint cooperation in the field
of investigations of the Antarctic Ocean were presented in a report by Cor-
responding Member USSR Academy of Sciences A. F. Treshnikov, who, while
piving a positive evaluation of the results of the cooperation, proposed a
number of major directions in which Soviet-American cooperation should de-
velop during the coming years. In other reports by Soviet participants
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the most detailed exposition was for the results of investigations carried

- out in the Scotla Sea during the summer of 1977/1978., Also presented were
the results of Instrumental measurements of velocities of the Antarctic
Clrcumpolar Current, {ts structure and dynamics in the region of passage
dcross the South Antilles sill (report by A. F, Treshnikov, E. I. Saru-
khanyan, N. P. Smirnov). The unique data collected by Soviet researchers
are indicative of the unidirectionality of water flow in the Antarctic
Circumpolar Current in this particular reglon and the presence of high
bottom velocities (60~70 cm/sec). The report of N. P. Smirnov gave the
results of geostrophic computations of water circulation in the Scotia Sea
and an estimate of the water balance in the sea.

American researchers presented the results of a study of level fluctua-
tions using underwater mareographs in the neighborhood of Drake Strait (re-
port by D, Baker). Three annual serles of level observations demonstrated
the presence of well-expressed fluctuations with l4-day and semi-annual
periods and also the existence of a trend. American researchers attribute
the first of these fluctuations to long-period semimonthly tides. They re-
iard the semiannual fluctuation to be a result of the total effect exerted
on the ocean level by tidal disturbances with a semiannual period and semi-
annual variations of atmospheric processes.

The results of a study of the structure and dynamics of the zone of the
Antarctic polar front were examined in a report by B. V. Afanas'yev and

N. P. Smirnov. A report by W. Emery discussed the results of long~term
American observations of the Antarctic polar front in the neighborhood of
Drake Strait., The conclusions drawn by American researchers coincide with
the results of Soviet investigations in the Scotia Sea, in particular: the
relative stability of the mean position of the frontal zone and the varia-
bility scales, associated with formation of meanders and eddies.

A report presented by A. Gordon proposed a hypothesis concerning the form-
ation of a quasistationary polynia in the Weddell Sea and also the role
which the presence of such a polynia can play in the formation of Antarc-
tic bottom waters. As a result of the discussion, the hypothesis of a de-
cisive role of the upwelling of deep waters in the formation and mainten-
ance of the polynia in the Weddell Sea was subjected to criticism. However,
the opinion was expressed that bottom waters can be formed in the polynia
region.

In the reports of American researchers great attention was devoted to an
analysis of the horizontal and vertical correlation of the variability of
currents in Drake Strait on the basis of instrumental observations (report
by F. Skiremammano). The principal objective of these investigations was
obtaining scientifically sound criteria for the planning of a new major ex-
periment for study of the structure and dynamics of the Antarctic Circum-
polar Current in Drake Strait in 1979-1980.

At the conference there was also a discussion of the results of modeling

of water circulation in the Antarctic Ocean. For example, in a report by

V. V. Guretskiy, V. 0. Ivchenko and E. I. Sarukhanyan the authors presented
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an original diagnostic model of ecirculation in the Antarctic Ocean and
proposed methods for the parameterization of mesoscale eddies in problems
involving description of global circulation.

_ K. Fendri gave an estimate of barotropic water transfer through Drake Strait.

In the fleld of study of energy exchange between the ocean and the atmosphere
and the energetics of the atmosphere, as before, the principal studies were
carried out by Soviet vesearchers.

A review of the results of instrumental observations of currents in Drake
Strait under a three-year program and a description of the structure of

the new "Drake-79" oceanic experiment were presented in a report by J. Mor-
rison. The experiment will be carried out in January 1979 and will involve
the placement of about 20 buoy stations with submerged buoys with current
meters and temperature meters over the entire area of Drake Strait for the
purpose of a quantitative description of the spatial-temporal variability
of the fileld of currents in this region at different scales,

_ A report by N. A. Kornilov and E. I. Sarukhanyan was devoted to an exposition
of the results of long-term investigations on a section along 20°E and a
draft of a program for the oceanic experiment "POLEKS-Yug-79." The exper-
iment will be carried out in the region between Africa and Antarctica dur-
ing the first special observation period of the FGGE and will include the
carrying out of a complex of aerometeorological observations on ships, place-
ment of FGGE drifting buoys, setting out of buoy stations with sumergible
buoys, a hydrological survey of the water area and work in the polar frontal
zone.

Thus, in the course of the conference there was a presentation of the prin-
cipal results of Soviet and American investigations in the region of Drake
Strait and the Scotia Sea, carried out during recent years. The investiga-
tions carried out within the framework of cooperation and represented in
the conference reports made it possible to advance considerably in an under-
standing of hydrophysical processes in the Antarctic Ocean, to determine

in considerable detail the structure of the Antarctic Circumpolar Current
and the Antarctic polar front in the investigated regions, to obtain an
evaluation of water transport, and to evaluate the degree of influence of
the hydrological front on atmospheric processes. Thus, due to the joint
investigations there has been a marked increase in the effectiveness of
scientific research work.

This feellng is shared by both Soviet and American specialists, who in the
course of the discussion expressed complete satisfaction with the results
of the joint three—-vear cooperation in the Antarctic Ocean and expressed
the opinion that it must be continued and intensified for the longest pos-
sible period. In the opinion of both sides, the main efforts must be di-
rected to solution of the problems in large-scale energy interaction be-
tween the atmosphere and ocean, the structures and dynamics of the
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Antarctic Circumpolar Current and the Antarctic polar front, as well as
the formation of Antarctic bottom waters. '
The Soviet and American specialists agreed on specific measures for the
exchange of tipecialists on ships and observational data. The opinion was

- also expresscd that it is desirable to exchange specialists in the field

: of numerical modeling of circulation in the Antarctic Ocean between the

scientific research institutes of the USSR and the United States. The pro—
posal of American researchers that there should be organization of a joint
oceanic experiment in the neighborhood of the Weddell Sea polynia was also
net with understanding.

Thus, this conference once again confirmed the effectiveness of Soviet-
American cooperation in the field of investigations of the Antarctic Ocean
and the desirability of its development in the future.
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NOTES FROM ABROAD
Moscow METEORCLOGIYA I GIDROLOGIYA in Russian No 12, Dec 1978 p 121
[Article by B, I. Silkin]

[Text] Smog arises primarily from interaction between automobile exhaust
and atmospheric oxygen in the presence of solar radiation forming an ade-
quate quantity of ozone for this purpose. However, the processes of inter-
action between ozone and the remaining atmospheric components, leading to
the appearance of such a phenomenon, have still been studied inadequately.

A recent discovery, made by the physicists R. Suenram and F. Lovas (US Bur-
cau of Standards), casts definite light on such processes. They established
the existence of a new class of organic substances =-- dioxyrans, represent-
ed by a simple three-ring molecule consisting of carbon, hydrogen and oxy-
pen atoms and serving as an "intermediary' in the smog formation process.

"his discovery has led to a reexamination of the formulated models of smog
wvhich laid resjonsibility for this on the free radicals (unstable chemical
substances) forming during the interaction of automobile exhaust with ozone.
The investigations show that the reason iies in the appearance of less ac~
tive molecular compounds, such as dioxyran, created in the reaction between
ozone and ethylene, ejected by internal combustion engines.

The existence of dioxyran was postulated for the first time by the American
chemists W. R. Wodt and W. A. Doddard in 1975, but such a molecule could
not be discovered due to the fact that at the ordinary temperatures at
which the reaction transpires the lifetime of dioxyran is extremely short.
Suenram and lLovas succeeded in doing this due to the use of low-temperature
microwave spectrography which stabilized matter for a time adequate for its
observation.

Then they studied the reaction between ozone and other final olefins (the
family of hydrocarbons to which, in particular, ethylene belongs). The next
stage in the investigation will be to determine specifically what dioxyran
component plays what particular role in smog formation. This will probably
help In contending with smog, causing great damage to the health of the pop-
ulation in large cities.
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The eddylike currents recently discovered in the world ocean are now being
Investigated from space. For example, from aboard the American artificial
earth dutellite "landsat," situated at an altitude of 915 km above the
planctary surface, it was pogsible to take a space photograph on which

it least clght individual formations of this type could be distinguishgd.

The processing of the photograph, carried out at the US Geological Service,
Regton, Virgilnia, under the direction of R, S, Williams, made it possible
to detect the existence of three well-developed double annular eddies at-
taining a length of 70 km. Some of these "rings" have a diameter of not
less than 30 km,

A study of the newly discovered phenomenon plays a major role in meteorol-
ogy and oceanology, including in the investigation of interaction between
the ocean and the atmosphere, in the tracing of the processes of contamin-
ation of the water medium, in measuring plankton productivity, ete.

hkk

According to the concepts now prevailing among specialists, the movements
of water masses, especially those assoclated with action of the atmosphere,
iire small at great depths in the ocean and cannot exert an influence on
bottom relief. However, recent investigations carried out in the Atlantic
Ocean, in the region of the Gillis underwater volcano (to the notheast of
Bermuda), have demonstrated that very significant movements of sedimentary
rocks are occurring on its slopes which it is difficult to explain on the
basis of such concepts.

Around the CGillis submarine mountain, whose peak is situated at an eleva-
tion of approximately 3 km above the ocean floor surrounding it, special-
ists placed a network of automatic current recorders on its slopes and at
depths attaining 5,000 m. The data registered by these instruments indicat-
ed that directly after the passage of hurricanes, which attain a great in-
tensity in the Bermuda region, new currents appear in the bottom layer,
cven at a depth of 5 km. In three cases there was found to be a rather
conslderable rate of movement of the water masses, attaining 30 cm/sec;
this happened ecach time after a hurricane.

such sporadically arising and disappearing currents can fully explain the
redistribution of sedimentary materials on the slopes of Gillis volcano
and the significant change in local relief which is observed there,
COPYRIGHT: '"Meteorologiya 1 gidrologiya," 1978

5303 ~END-
C80: 1864
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